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Editorials 


LETTER FROM THE EDITORS 


[TH THIS issue we shorten our name to A. M. A. ARCHIVES OF INDUSTRIAL 

Heattu. We have a new cover and a new format. Our original title, Archives 
of Industrial Hygiene and Occupational Medicine, was a combination of the two 
journals which joined to make us one—Journal of Industrial Hygiene and Toxi- 
cology and Occupational Medicine. The Journal of Industrial Hygiene was started 
in 1919 by a group at Harvard—Dr. David Edsall, Dr. Cecil Drinker, and Dr. 
Katherine Drinker. They enlisted the active support of Dr. Thomas M. Legge and 
Prof. Edgar L. Collis in England, and so the old journal, the first in the field (in 
English), had a truly international flavor. 

The American Medical Association was glad to join with the old Journal of 
Industrial Hygiene and to add it to its list of Specialty Journals. We retain a 
semblance of the old title in the “Industrial” of our shortened name, a shortening 
we know will be welcomed by those of us who prepare bibliographies and lists of 
references as well as by librarians. Our volume numbering will continue along in 
the series, this issue being Number 1 of Volume 11. 

The change in title also involves closer identification of the ARCHIVES with the 
work of the Council on Industrial Health. The major points in the program are 
the following : 


1. Improved communication between management, labor, and the medical pro- 
fession to promote a better understanding of the objectives of constructive medicine 
in industry and its relation to the economics of medical care. 

2. Better integration between the biological, social, and physical sciences in 
order to understand the impact of the peacetime uses of atomic energy on future 
patterns of industrial production and community life. 

3. Study and experimentation to determine the full potential usefulness oi 
industrial health as a major component in community health. As such it should 
be a more effective adjunct to private practice and the public health services. 

4. Better standards of administration and professional services in public 
agencies concerned with the health problems of workers—health departments, fac- 
tory inspection, workmen’s compensation, and rehabilitation. 


5. Better correlation between industrial research and the delineation of potential 
health hazards. 


6. Determination of ways to make careers in industrial health more attractive to 
essential professional and technical personnel. 

The Arcuives have always felt a genuine responsibility relative to basic research 
in industrial toxicology, an editorial policy which has given the publication its 
special flavor. In the process of broadening scope, the Editorial Board does not 


expect to lose sight of this early and prevailing interest. Curer Epiror 


INVESTIGATIONS ON THE METABOLISM OF FLUORIDE 


Ill. Effect of Acute Renal Tubular Injury on Urinary Excretion of Fluoride by the Rabbit 


FRANK A. SMITH, Ph.D.; DWIGHT E. GARDNER, 
B.S., and HAROLD C. HODGE, Ph.D., Rochester, N. Y. 


HEN SMALL amounts of fluoride are 

ingested by persons with presumably 
normal renal function, at least half of the 
fluoride absorbed each day is eliminated in 
the urine.’ The rate of fluoride excretion is 
rapid; fluoride certainly does not become a 
part of the halogen pool, as does bromide. 
Whether tubular injury in the experimental 
animal will alter the pattern of fluoride ex- 
cretion has not been tested; nor, as far as we 
are aware, have comparisons been made of 
the urinary fluoride excretion by persons 
with normal and with diseased kidneys. If 
fluoride resorption occurs in the tubule, tubu- 
lar dysfunction should be accompanied by 


increased fluoride excretion. In the experi- 


ments described herein, quantitative data 
have been obtained describing the fluoride 
excretion and retention in rabbits with acute 
renal tubular injury produced by the sub- 
cutaneous administration of small doses of 
uranyl nitrate in aqueous solution. 


EXPERIMENTAL PROCEDURE 


Forty young adult male albino rabbits, ranging 
in body weight from 2.4 to 3.5 kg., were divided 
into groups and treated as shown in Table 1. The 
drinking water as well as the diet of Purina Rabbit 
Checkers * were supplied ad libitum to each rabbit. 

The control groups (I and II) received tap water 
(0.06 ppm F). The experimental groups (III) and 


Division of Pharmacology and Toxicology, De- 
partment of Radiation Biology, University of Roch- 
ester School of Medicine and Dentistry. 

This paper is based on work performed in part 
under contract with the United States Atomic 
Energy Commission at the University of Rochester 
Atomic Energy Project and in part supported by a 
grant from the Procter and Gamble Company, Inc., 
Cincinnati, for fundamental research in toxicology. 

* The diet used in Experiment “a” contained 42 
ppm F 


: that used in Experiment “c” contained 26 
ppm F. Two lots of feed were used in Experiment 
“b.” The first lot, used for the first 35 days, con- 
tained 13 ppm F; the second lot contained 40 ppm F. 


< 


the fluoride control (IV) received water 


containing 15 ppm of fluoride as sodium fluoride. 


groups 


The experiments were done in three parts, marked 
a, b, and c in Table 1. In the “a” study, the fluoride 
balance was followed. For each rabbit the daily food 
disappearance was weighed, and the volume of water 
drawn from the water bottle was recorded. Each 
rabbit in Group III received 0.3 mg. of uranium per 
kilogram of body weight (as a 10% aqueous solution 
of uranyl nitrate) subcutaneously under the loose 
shoulder skin. The rabbits of Groups IIIa and [Va 
were given drinking water containing 15 ppm of 
fluoride for the entire 42-day period. The rabbits 
were housed in individual metabolism cages. For the 
control groups (la and IVa), the urine and feces 
collections were pooled by groups for four- or five- 
day periods; suitable aliquots were taken for fluoride 
analyses. For the uranium-poisoned group (IIIa), 
this procedure was followed except for the two-week 
period following the uranium treatment. In the 
period of acute renal tubular injury, daily pooled 
samples of urine and feces were collected for each 
rabbit. Urinary protein concentration was meas- 
ured,” because it is well established as a reliable, 
prompt, and sensitive criterion of the acute renal 
damage produced by uranium; the proteinurea de- 
lineated the interval of renal impairment.? 

In the “b” 


was 


study, the urinary chloride excretion 


also determined. 


examinations 
were made of the kidneys of all surviving rabbits 


Histological 


in this study.t Fluoridated water was given to 
Groups IIIb and IVb for 26 of the 54 days of the 
test. 

In the “c” study, confirmatory data were obtained 
of the fluoride concentrations in skeletal and soft 
tissues. In the “c” study, as in the “b” study, 
fluoridated water was given to Groups IIIc and 
IVc for 26 days. 

At the termination of the experiments the rabbits 
were killed by an overdose of pentobarbital (Nem- 
butal) administered intraperitoneally ; only normal- 
appearing tissues were found on gross autopsy ex- 
amination. In each study, samples of bone were 
removed for analysis, soft tissues also being taken 
in the “a” and the “c” studies. The organ samples 
were analyzed according to Smith and Gardner 5; 
bone, urine, feces, food, and water samples were 
analyzed as described by Flagg.® 

+ Examination of these sections was made by 
Dr. Thomas B. Barnett, Division of Pathology, 
University of Rochester Atomic Energy Project. 
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EXCRETION OF FLUORIDE BY THE 
RESULTS 

Fluoride Balance.—The principal question 
to be answered acute renal 
tubular injury markedly influences fluoride 
retention ; a clearly negative answer has been 
obtained. In the Figure the fluoride balance 
data are plotted (a) for control rabbits con- 
tinued on tap water, (b) for control fluoride- 
treated rabbits given 15 ppm F in their drink- 


ing water, and (c) for the experimental 


was. whether 


RABBIT 


ment, more than one-half of the fluoride in- 
gested was dietary; numerically, this source 
accounted for 99% or more of the intake of 
the Group I control rabbits and for about 
60% in the case of the fluoride-treated rab- 
bits of Groups III and IV. Each control 
rabbit ingested about 6 mg. F per day. Add- 
ing 15 ppm F to the drinking water increased 
the F intake by about 4 mg. daily. There was 
a simultaneous increase of only 2 mg. per day 


Group 
Controls * 
Ia 


Ib 


Dura- 
tion, 
Days 


41 
54 


Uranium-treated 3 


Itb 


Uranium- 
IITa § 


54 


and fluoride-treated 
42 4 


Fluoride-treated 


IVa § 
IVb 


42 
54 


TABLE 1.—Disposition of Rabbits 


Experi- 
mental 
Lesion 


None 


None 


Uranium 
nephritis 


Uranium 
nephritis 


Uranium 
nephritis 


Uranium 
nephritis 


None 
None 


F in 
Drinking 
Water, 
Ppm 


0.06 


0.06 


Urinary 


Protein 


Normal 
Normal 


Max. of 600 mg 
per 100 ml. on 
ith day after 
admin, of U 


Max. of 300 mg 
per 100 ml. on 
th day after 
admin. of U 


Max. of 250 mg. 


per 100 ml. on 
3d day after 
admin. of U 
Max. of 400 mg 
per 100 ml. on 
3d day after 
admin. of U 


Normal 
Normal 


Chloride 


3 gm. NaCl 
rabbit/day 


NaCl 
L. prior to U;: 
av. 3.6 gm. NaCl 
L. post U 


Av. 2.7 gm. NaCl 
L.; av. 3.0 gm. 
NaCl/L. during 
treatment 


Av. 3.8 gm. NaCl/ 


Renal Histology 


Normal 


Predominantly 
regenerative and 
atrophic changes 
varying from slight 
traces to moderate- 
ly severe tubular 
damage 


\s for IIb above 


Normal 


IVe 42 4 None 15 


* This group was omitted from the ‘‘e’”’ study 


+ These rabbits were furnished tap water (0.06 ppm F) 


fluoride-containing water as indicated for 26 days 
to being killed. 


er 


[his group was omitted from the “a” 


§ 


These animals received tap water 7 days, 
to tap water for 9 or 10 days before being killed. 
© One animal died of natural causes after nine days 


group of uranium-poisoned, fluoride-treated 
rabbits. The total daily fluoride ingestion per 
rabbit has been plotted (upper curve) for 
each collection period, and the lower hatched 
area represents the daily excretion; in each 
case, fluoride excretion was less than intake. 
The relative retentions may be roughly com- 
pared by noting the areas between the levels 
of intake and excretion. Regardless of treat- 


and the ‘‘e’’ 


then were given fluoride-containing water for 26 days; 


L. prior to F; 
av. 3.4 gm. NaCl 
L. during treat- 
ment 


Normal 


for 18 days, then were continued on tap water or given 


All rabbits in this study were given tap water for 10 days prior 


studies. 
The rabbits were started immediately on fluoride-containing water, remaining on this regimen until killed. 


they were returned 


in the F excretion and therefore an increase 
in the percentage retention during the period 
of the experiment. Numerically, about one- 
third of the fluoride was retained by Group I 
control rabbits and about one-half by Group 
[If and Group IV rabbits. The finding of 
greatest interest is the near identity of the 
percentages of fluoride retained by the rab- 
bits with normal kidneys and those with 

3 


Ani- 
mals, 
No 
L 
4 15 


CONTROLS 
To 


FLUORIDE INGESTED 


fEXCRETED FLUORIDE} 


MG FLUORIDE PER RABBIT PER DAY 


FLUORIDE 
Wa 
1S ppm F in DRINKING WATER 


FLUORIDE INGESTED 


MG FLUORIDE PER RABBIT PER DAY 


{EXCRETED FLUORIDE} 
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URANIUM AND FLUORIDE 
Ila 


ISppm F in ORINKING WATER 


FLUORIDE INGESTED 


> 
< 
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> 


TIME IN DAYS 


Fluoride balance in rabbits. 


acute tubular injury; on the average for the 


whole period, the normal rabbits given fluo- 


ride retained 45% of the fluoride ingested, 


TABLE 2.—Fluoride Balance in Rabbits 
(Period of About Forty Days) 


Total Fluoride 
Ingested per 
Rabbit 


Total Fluoride 
Excreted per Over- 
Rabbit All 


Food, Water, Urine, Feces, 
Group Mg. Meg. Mg. Meg. 
Controls (la) 245 0.6 70 108 
F (IVa) 260 178 79 163 
U + F (Illa) 179 133 47 114 


tained, 


4 


INDUSTRIAL HEALTH 


while the rabbits with experimental nephritis 
retained 48% (Table 2). Acute tubular 
injury does not significantly increase or de- 
crease the urinary fluoride excretion (frac- 
tion of total ingested excreted via the urine- 
18% by normal rabbits and 15% by ura- 
nium-poisoned rabbits ). 

On examination in detail, minor qualifica- 
tions of this interpretation are neéded. The 
over-all comparison minimizes the day-to- 
day variations observed in the fluoride re- 
tention of the uranium-poisoned rabbits. It is 
impossible to present a direct comparison of 
the variabilities in experimental and control 
groups, because collections of urine and feces 
of the control group were pooled consistently 
for four- or five-day periods, whereas during 
the phase of acute renal injury daily samples 
of urine and feces of the uranium-poisoned 
rabbits were analyzed. The extremes of vari- 
ation from day to day were from 25 to 65% 
F retained in the experimental group; these 
fluctuations averaged out so that the per- 
centage retained during the two-week period 
of acute injury was exactly comparable with 
that during the preceding and succeeding 
periods and also with that of the F-treated 
control group (Figure). It is a fact that no 
four- or five-day collection period for the 
control group exhibited a fluoride retention 
as high as 65% ; on the other hand, the pos- 
sibility cannot be ruled out that on some one 
day such a retention might have occurred 
but remained undetected because the samples 
collected on contiguous days had compen- 
sated for the high value. 

It is important to notice that, although the 
percentage retentions were nearly identical, 
the total fluoride intake of the control and 
experimental groups differed considerably 
( Table 2). Specifically, the uranium-poisoned 
rabbits 


voluntarily reduced the 


amount of food and water ingested during 


sharply 


the time that the kidney injury was acute. 
In these rabbits, the food and water intake 
increased, beginning about one week after 
the administration of uranium, and_ rose 
steadily to equal the intake of the control 
group about two weeks later. The effect of 
this period of illness is clearly evident in the 
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smaller total amount of fluoride ingested ; 
the control group (IVa) ingested on the 
average 437 mg. per rabbit and the uranium- 
poisoned group (IIIa), 312 mg. per rabbit 
(Table 2). Despite this major difference in 
intake, the percentage retentions were prac- 
tically identical. 

The average daily amounts of fluoride in- 
gested in the diet and in the water are given 
TABLE 3.—Average Daily Amounts of Fluoride In 
gested and Excreted per Rabbit for the 

Forty-Two-Day Period 


Fluoride 
Ingested 


Fluoride 
Excreted 


Diet, Water, 


Urine, Feces, 
Group Mg. Mg Mg Mg. 
F control (1Va)...... 6 4 2 4 
U-poisoned, F-treated 
4 34 1 2.7 


TABLE 4.—F luoride Co 
(Parts per Million of Flu 


Whole Blood Thyroid Liver 
Group Sample Mean Sample Mear Range Mean 
: la 7* 0.2 5° 9 0.2-0.3 0.2 
IIIa 4* 0.3 4* 6 0.3-0.4 0.4 
lVa 0.3 4* 6 0.3-0.4 0.3 
[Ile 4* 0.3 a” 11 0.2-0.7 04 
0.2 4* 13 0.3-1.6 0.7 


* Pooled sample. 
+ Both kidneys from each animal analyzed as a compos 


in Table 3, together with the average daily 
excretions in urine and in the feces. More 
half of the fluoride 


found in the feces. The stress of acute tubu- 


than excreted was 
lar injury did not appreciably alter the dis- 
tribution of excreted fluoride between urine 
Whether the fecal fluoride had 


never been absorbed or had been absorbed 


and feces. 
and returned to the intestinal contents cannot 
be ascertained from the analyses performed. 

Fluoride Content in Tissues.—Confirma- 
tory evidence of the normal status of the 
fluoride balance in uranium nephritis was 
gained from analyses of the fluoride content 
in certain tissues. 

(a) Soft Tissues: Samples of blood, liver, 
kidney, pancreas, heart, and thyroid were 
removed at the time of killing, and the fluo- 
ride concentrations, as listed in Table 4, were 


{BBIT 


determined. Blood contains very small 
amounts of fluoride; in the normal rabbits 
drinking tap water without added fluoride, 
the average contents were only 20 y per 100 
ml., and values of 20 to 30y per 100 ml. 
were found for rabbits drinking water con- 
taining 15 ppm F, whether uranium-poisoned 
or not. Only traces of fluoride were found 
in the liver; the control value was 0.2 ppm 
of fresh liver, and although slightly higher 
values were found when 15 ppm F were 
added to the drinking water, there was no 
indication that uranium poisoning altered the 
content. The F contents in kidney, pancreas, 
and heart were somewhat higher, with av- 
erage values of 1 to 2 ppm of fresh tissue. 
Drinking water containing 15 ppm F may 
have increased the amount of F in these tis- 


ntent of Soft Tissues 
1oride in Fresh Tissue) 


Kidneys ¢ Pancreas Heart 

Range Mean Sample Mean Range Mean 

0.7-6.6 1.7 0.5 0.7-1.1 0.9 

0.8-1.0 0.9 4° 1.3 0.6-1.6 1.0 

0.9-1.2 1.0 3° 2.2 1.3-2.0 1.5 

0.7-2.1 1.2 

0.9-1.7 1.1 


ite sample 


sues slightly, but the ranges were the same 
in uranium-treated and in control rabbits. 
The cellular damage and repair processes in 
the kidney typical of uranium poisoning did 
not produce a tissue more retentive of fluo- 
ride than is normal kidney tissue. The thy- 
roid was higher in fluoride content than the 
other soft tissues examined, a fact observed 
previously.t The content is nevertheless very 
low (6 to 13 ppm). There was no marked 
increase when the fluoride intake was in- 
creased, and renal tubular injury failed to 
affect the fluoride content in the thyroid. 

Soft tissues characteristically contain ex- 
tremely small amounts of fluoride. Increasing 
the fluoride intake tends to produce minute 
increases in these levels; uranium poisoning 
did not alter this tendency. 


t References 7 and 8. 
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(b) Bone: The skeleton is the only site of In most cases the fluoride concentrations 
significant fluoride deposition. The balance of the several hard tissues (Table 6) were 
studies showed that one-third to one-half of found to decrease in the following order: 
the ingested fluoride was retained. In Table femoral epiphyses > alveolar jaw bone > 


TABLE 5.—Fluoride Concentration in Skeletal Ash 
(Parts per Million of Fluoride) 


Femoral Epiphyses Femoral Diaphyses Jaw Alveolar Bone Inecisor Root Incisor Crown 


Ani- Ani- 


mals, mals, 
Group No. Range Mean No. Range Mean Yo. Range Mean No. Range Mean 


Range Mean 

2,870 2,470 2,310 1,320 
1,110-1,420 1,240 620-72 660 830-1,440 1,210 460-1,070 760 
1,080-2,970 1,800 : 690-2,640 1,460 : 940-2,310 1,430 ‘ 560-1,400 980 

3,690 2,290 2,880 2,060 
1,750-2,340 2,280 940-1,460 1,120 1,420-2,610 1,860 540-1,080 1,070 
2,300-2,980 2,470 1,510-2,390 1,840 2,170-2,710 2,270 3 1,270-1,660 1,480 

3,190 esesece 2,030 2,400 1,680 
1,880-3,440 2,890 . 2,230 2,070-2,999 2,610 600-1,610 1,210 
1,960-2,960 2,430 1,770 1,980-2,340 2,070 1,060-1,830 1,580 


180-340 
310-800 


170-730 
660-1,380 


* 


220-1,160 
730-1,210 


Oe 


* Pooled samples. 


TABLE 6.—Fluoride in Skeletal Ash of Rabbits of Study “b” 
(Parts per Million of Fluoride) 


Jaw 
Femoral Femoral Alveolar Incisor Incisor 
Epiphyses Diaphyses Bone Root Crown 


Group Ib 


Animals, 
No. 


1,240 1,540 460 
1,420 72 1,260 1,070 
1,180 1,210 820 
1,110 830 690 


1,240 1,210 760 


Group IIb 


1,360 690 1,040 
2,970 2,640 2,310 


1,080 1,040 940 
1,800 1,460 1,430 


Group IIIb 


1,750 940 540 
2,760 1,460 1,010 
2,340 1,060 1,890 
2,260 1,010 840 


Mean : 2,280 1,120 


1,070 


Group IVb 


3,440 2,540 2,990 1,460 
3,270 2,800 2,870 1,610 
2,960 2,540 2,520 1,160 
1,880 1,030 2,070 600 
Mean , 2,890 2,230 2,610 1,210 


5 are given average values and ranges for the 


femoral diaphyses > incisor root > incisor 
fluoride content in femoral epiphyses and crown. This pattern has often appeared in 
diaphyses, jaw alveolar bone, and incisor root _ isotope studies and relates partly to the avail- 
and crown. In Table 6 are given the individ- ability of the mineral (circulation, degree of 
ual data from Experiment “‘b.”’ mineralization) and partly to the intensity 
6 


mals, 
Ia 7* 
Ib 4 
IIb 3 
IIla 
[IIb 4 
IIIe 4 
IVa 4* 
IVb 4 
IVe 4 
59. 1,400 800 
Mean 980 510 
64. 500 
65. Ae 730 
1,860 420 
1,160 
of. 980 
68. . 850 
451. 220 
800 
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of calcification (accretion). The fluoride per- 
centages in the several bones differed widely 
from rabbit to rabbit. As an example of this 
variation, the data for Rabbits 58 and 59 in 
the uranium-treated group (Table 6) may be 
compared. Rabbit 58 had about 1,400 ppm 
F in the epiphysis and 700 ppm in the di- 
aphysis, whereas Rabbit 59 had nearly 3,000 
ppm in the epiphysis and 2,600 ppm in the 
diaphysis. Such differences could easily have 
arisen if the previous diets of the two rabbits 
had differed in fluoride content. Samples of 
rations fed rabbits have been analyzed from 
time to time ; some samples contained as little 
as from 5 to 10 ppm F, and others have had 


TaBL_e 7.—Calculated Deposition of Fluoride 


Uranium- 

Poisoned, 

F-Treated 
(Illa) 


F-Treated 
Control 
(IVa) 
Epiphyseal bone 
Concentration 


3,190 ppm 
Total F in 25 gm... 


80 meg. 


3,690 ppm 
92 meg. 

Diaphyseal bone 
Concentration ....... 


2,030 ppm 2,290 ppm 


Total in 125 gm.. 254 mg. 286 mg. 
Caleulated total fluoride in 150 

334 mg. 378 meg. 
F retained (Table 2)........ : 198 mg 130 mg. 
F originally present (caleulated 

total minus F retained)...... 136 mg. 248 meg. 


Caleulated concentration if uni- 
formly distributed in 150 gm. 

F content in _ incisor 
(average concentration) 


910 ppm 1,650 ppm 


crown 


vanes 1,170 ppm 1,440 ppm 


as much as from 50 to 75 ppm F. A simple 
calculation will show that if Rabbit 58 had 
heen maintained for about six weeks on a 
diet containing 10 ppm F prior to entering 
our colony and during the same _ period 
Rabbit 59 had been maintained on a ration 
containing 75 ppm F enough fluoride would 
have been deposited in the bones of Rabbit 
59 to account for the differences in the fluo- 
ride content of the bones. 

An approximate numerical accounting can 
be made of the deposition of fluoride as 
shown in the balance studies based on the 
concentrations of fluoride actually found on 
analysis. If the average rabbit has a body 
weight of 3 kg., of which 15% is skeleton, 
the skeletal weight is 450 gm. Assuming 30% 
ash, each rabbit has 150 gm. of skeletal ash. 


RABBIT 


Calculations were made on the assumption 
that 25 gm. of the 150 gm. were epiphyseal 
bone and 125 gm. were comparable to di- 
aphyseal bone. In Table 7 the calculations 
have been presented in a summary fashion. 
In the fluoride-treated control rabbits, 80 
mg. of fluoride are calculated to be present 
in epiphyseal bone and 254 mg. in diaphyseal 
bone, giving a total of 334 mg. of fluoride in 
the total skeleton. Similar calculations show 
that the uranium-poisoned, fluoride-treated 
rabbits had a total of 378 mg. of fluoride in 
the whole skeleton. Subtracting in each case 
the amount of fluoride retained during the 
experiment, it appears that 136 mg. may have 
been present originally in the fluoride-treated 
control rabbits and 248 mg. originally pres- 
ent in the uranium-poisoned, fluoride-treated 
rabbits. Assuming a uniform distribution of 
these quantities of fluoride in the whole skel- 
eton, the fluoride-treated control rabbit 
should have had 910 ppm F before the ex- 
periment started. This is in reasonable agree- 
ment with the value of 1,170 ppm, the fluo- 
ride concentration found in the incisor crown. 
It has been repeatedly shown that exchange 
and other metabolic processes occur at a 
very slow rate in the tooth crown; therefore 
this material may give the best estimate 
available of the fluoride concentration in the 
hard tissues prior to the present experiment, 
In the case of the uranium-poisoned, fluoride- 
treated rabbits, the calculated concentration 
based on the analyses is 1,650 ppm. This 
compares well with the value of 1,440 ppm 
found in the tooth crown on analysis. ‘In 
general, therefore, the chemical analyses of 
bone provide a reasonably satisfactory con- 
firmation of the fate of the fluoride retained 
in the balance study. Fluoride taken into 
the body is not deposited in the soft tissues. 
It is either excreted promptly or promptly 
deposited in the skeleton. 

Renal Tubular Injury—Moderate doses 
of soluble uranium salts administered paren- 
terally have as their only toxic action the 
production of a characteristic renal tubular 
injury.§ This specificity prompted the choice 


§ References 3 and 9. 
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of uranium as the renal toxic agent for study- 
ing the influence of acute kidney damage on 
fluoride excretion. Three means of demon- 
strating that the expected injury was, in fact, 
produced were employed—(a) urinary pro- 
tein analyses, (b) urine volume and chloride 
records, and (c) histological examinations 
of the kidneys. By all these criteria the ura- 
nium-treated rabbits consistently exhibited 
the classical changes of experimental uranium 
nephritis. 

(a) Urinary Protein Content: The con- 
trol rabbits (Group Ia) excreted negligible 
amounts of protein on 24 of the 41 days; on 
the remaining 17 days the urine contained 
4 to 10 mg. of protein per rabbit per day. 
The uranium-treated rabbits (Group IIIa), 
in contrast, excreted large amounts of pro- 
tein; for example, on the third day after 
treatment, the average daily excretion was 
200 mg. per rabbit; and the peak excretion 
seen on the fifth day averaged 260 mg. per 
rabbit. In surviving rabbits recovery was 
prompt. On the ninth postinjection day, 
near-normal values of 4+ mg. per rabbit were 
recorded; the progressive decrease to nor- 
mal levels marked the recovery and regen- 
eration of tubule cells. 

(b) Urinary Volume and Chloride Con- 
tent: The control groups excreted 100 to 
300 ml. of urine per rabbit per day; there 
was considerable variation from day to day. 


In the uranium-treated rabbits given tap 
water, oliguria developed over a_ five-day 


period, followed by increasing daily urine 


volumes reaching normal excretion levels in 
about 10 days. The uranium-treated rabbits 
given 15 ppm of fluoride in their drinking 
water exhibited only a little reduction in 
urine volumes (compared with the excretion 
of the appropriate control group). The chlo- 
ride concentrations varied somewhat from 
day to day in each group, with no systematic 
differences between groups and no alterations 
related to treatment with fluoride or uranium. 

(c) the 
kidneys of all surviving animals of the “b” 


Renal Pathology: Sections of 
groups (Table 1) were prepared and exam- 
ined. Kidneys of rabbits in the control groups 
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(Groups Ib and IVb) were essentially nor- 
mal; it is important that the kidneys of rab- 
bits given 15 ppm of fluoride in the drinking 
water showed no signs of tissue injury. 
Kidney sections of the uranium-treated rab- 
bits (Groups IIb and IIIb) showed typical 
degeneration and necrosis of the tubular epi- 
thelium, with associated active regeneration. 
Blood samples obtained just before the death 
of two rabbits of Group IIb (on the 26th 
and 29th days, respectively) gave elevated 
urea nitrogen levels (71 and 145 mg. per 
100 cc., respectively), indicating severe renal 
impairment. 

Fluoride Clearance.—There are no known 
published data on fluoride clearance values 
by the kidney. Observations recorded in the 
current experiments were not originally in- 
tended to provide the basis for the calcula- 
tion of fluoride clearance. By making several 
assumptions, however, some indications of 
the nature of fluoride clearance were deduced 
by Dr. Philip S. Chen, of this department. 
Chloride analyses have been made on the 
urine collections in each case so that the 
chloride clearance can be calculated. This 
will serve the purpose of testing the validity 
of the assumptions that need to be made. 
The chloride clearance is defined as the uri- 
nary chloride concentration multiplied by 
the urinary filtration rate and divided by the 
plasma chloride concentration. In the con- 
trol group of rabbits, an average value of 
the urinary chloride concentration can be 
taken as 1.85 gm. per liter. The average 
urine volume per day was 269 ml. which di- 
vided by 1,440 gives the urinary filtration 
rate in milliliters per minute. The plasma 
chloride concentration is assumed to be 3.7 
gm. per liter. The chloride clearance there- 
fore is calculated to be 0.15 ml. of plasma 
cleared per minute. The glomerular filtration 
rate in the rabbit is highly variable; taking 
as an average 10 ml. per minute, it can be 
calculated that a little over 1° of the chloride 
filtered through the glomerulus ultimately 
reaches the bladder. This value compares fa- 
vorably with chloride clearances obtained 
under carefully controlled conditions. A sim- 


EXCRETION OF FLUORIDE BY THE 
ilar calculation on these data will show that 
about 2% of the water filtered through the 
glomerulus ultimately reaches the bladder. 
In calculating the fluoride clearance for 
the control group, the urinary fluoride con- 
centration is taken as 3.1 mg. per liter. The 
volume figures are the same as those 
for the chloride clearance calculation. 


used 
The 
plasma fluoride concentration was assumed 
to be 0.2 mg. per liter. This gives a clearance 
value of about 3 ml. per minute and, assum- 
ing the same glomerular filtration rate as 
above, it can be calculated that 30% of the 
fluoride filtered through the glomerulus each 


minute the 


reaches bladder urine. In the 


TABLE 


RABBIT 


urinary excretion of fluoride in elderly nor- 
mal and nephritic patients. Samples of urine 
were collected from these patients both prior 
and subsequent to water fluoridation in Roch- 
ester. There was considerable variation from 
patient to patient in both groups, before and 
after fluoridation. The urinary fluoride con- 
tent was higher in both groups after fluorida- 
tion; the average increase after fluoridation 
was 0.4 ppm in the nephritic patients and 
0.5 ppm in the normal patients. A statistical 
analysis showed that the difference cannot 
be due to anything but sampling variability. 
These were only a few patients, and the 


conclusions cannot be generally applied. In 


Urinary Excretion of Fluoride in Patients with Normal Kidney Function 


and in Nephritic Patients 
(Parts per Million of Fluoride) 


Normals 
Before 
Fluoridation 


After 
Fluoridation 


case of the fluoride-treated control rabbits, a 


similar calculation shows that 60% of the 


the tubules. 
For the uranium-poisoned, fluoride-treated 


fluoride was not resorbed in 


rabbits, a value as low as 6% was found in 
the control period, a value of 50% was found 
in the experimental period, and a value of 
79% was found during recovery. From these 
data it can be concluded that fluoride is re- 
sorbed to a much less degree than chloride. 
There is no evidence that the excretion ex- 
ceeds the glomerular filtration rate; there- 
fore, there is no indication of a renal tubular 
secretion of fluoride. 

Urinary Fluoride Excretion in Human 
Subjects with Normal and Impaired Renal 
Function.—In Table 8 data are given on the 


Nephrities 


Before 
Fluoridation 


After 
Fluoridation 


these patients, however, there was no indica- 
tion that well-established and diagnosed kid- 
ney disease is associated with any alteration 
in fluoride excretion in the urine. 


SUMMARY 

Acute renal tubular injury was produced 
in rabbits by the subcutaneous administration 
of uranyl nitrate hexahydrate. Development 


of the acute uranium nephritis and recovery 


therefrom were followed by measuring uri- 
nary protein and chloride concentrations, by 
determining urine volumes, and by renal 
histological examinations. 

The uranium-poisoned rabbit that has 
sustained an acute, high-grade tubular injury 
maintained a normal fluoride balance, i. e., 
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Age, ~ Age, ~ — 
Yr 1 2 1 2 Yr 1 2 | 2 
0.35 0.28 0.67 18 0.26 0.52 0.45 
. Ot 0.56 0.35 8&8 0.40 0.11 0.56 1.14 
87 0.64 0.63 st 0.18 0.12 
Re} 0.22 0.24 1.08 1.08 Sl 0.28 0.18 0.84 
86 0.22 0.17 0.99 0.74 78 0.09 0.05 0.55 0.16 
0.08 0.38 0.7¢ 7¢ 0.0 0.13 
78 0.18 0.16 0.43 0.7 63 0.04 0.07 0.49 0.30 
78 0.26 0.06 0.40 0.8 ot 0.11 0.50 1.46 0.18 
78 0.21 0.16 0.80 0.54 17 0.02 0.0 
76 0.23 0.15 0.73 0.43 > 0.15 0.21 0.30 0.46 
76 0.24 0.42 1.17 O.88 76 0.24 0.15 
74 0.09 0.05 0.23 83 0.27 0.25 
| 


neither retained nor excreted abnormal pro- 
portions of ingested fluoride. 


The calculated resorption of fluoride in the 


renal tubule was much less than that of 
chloride. 

The fluoride content in soft tissues, viz., 
blood, thyroid, heart, pancreas, liver, and 
kidneys, is normally low and is increased 
very little by doubling the fluoride intake ; 
uranium injury to the kidney did not alter 
this tendency. 

Calculations based on the balance data are 
presented to show that the retained fluoride 
is deposited in the skeleton of the animal. 

Mrs. Myrtle Crossman, Miss Pearl Dunn, Mr. 
William Mr. Root, and Mrs. 
Dorothy Wing supplied technical assistance; Dr. 
Thomas B. 


Keating, Robert 
sarnett conducted the histopathological 
examination of kidney sections, and Dr. Philip Chen 
carried out the clearance calculations. Dr. 
James K. Scott, Chief of the Pathology Section, as 
well as Drs. S. Lee Crump, Arthur M. Dutton, 
Paul E. Morrow, William F. Neuman, and Herbert 
E. Stokinger, assisted or offered many helpful sug- 
gestions 


renal 


during the course of the experiments. 
Human urine samples were obtained through the 
cooperation of Dr. E. S. Green and Mrs. L. B. 


Ryan, of the Monroe County Home and Infirmary. 
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RELATION OF PARTICLE SIZE OF U,0O, 
FOLLOWING INHALATION BY ANIMALS 


HERBERT B. WILSON and GEORGE E. SYLVESTER, 
Rochester, N. Y.; SIDNEY LASKIN, A.B., New York; 
CHARLES W. Lo BELLE, MS., Philadelphia; JAMES 
K. SCOTT, M.D., Rochester, N. Y., and H. E. 
STOKINGER, Ph.D., Cincinnati 


HE RELATION of particle size of 

uranium dioxide dust to toxicity follow- 
ing inhalation by rabbits and rats has been 
studied and the results reported.* Two ob- 
servations of considerable interest were made. 
1. Small particles (0.5 » in diameter) were 
toxic, i. e., typical uranium poisoning devel- 
oped in both species, whereas large particles 
(2.3 » in diameter) even at air concentra- 
tions of 80 mg. per cubic meter were without 
toxic effect on the rat and affected the rabbit 
only slightly. 2. The lung content of insolu- 
ble uranium dioxide dust was many times 
greater for the small particles. Since no well- 
controlled short-term inhalation study had 
been made on the important insoluble uran- 
ium ore, Us,Og, it was decided to conduct ex- 
posures, using small and large particles of 
U;Og at approximately the same concentra- 
tion as that of the UOs studies. 
is an account of the procedures and results 


Following 


of corresponding studies of the relation of 
particle size of U;Oxg dust to inhalation toxic- 
ity. 

This paper is based on work performed under 
contract with the United States Atomic Energy 
Commission at the University of Rochester Atomic 
Energy Project. 

From the Division of Pharmacology and Toxi- 
cology, Department of Radiation Biology, The 
University of Rochester School of Medicine and 
Dentistry (Mr. Wilson and Mr. Sylvester) ; Insti- 
tute of Industrial Medicine, New York University 
(Mr. Laskin) ; Jefferson Medical College (Mr. La 
Belle); University of Rochester Atomic Energy 
Project (Dr. Scott), and Occupational Health 
Program, U. S. P. H. S. (Dr. Stokinger). 


* References 1 and 2. 


DUST TO TOXICITY 


EXPERIMENTAL PROCEDURES 


The exposure chamber, the aerosolizing 
dust feeds, the preparations of the suspen- 
sions of U;Og used in the feed jars, and the 
daily processing of these suspensions to elimi- 
nate, on the one hand, products of oxidation 
in the fine suspension and, on the other, ac- 


cumulation of “fines” in the coarse suspen- 


sion were approximately the same as those 
described in the reports.7 

Toxicological Procedures —The two UsOs experi- 
ments differed essentially in only one respect—par- 
ticle diameter (MMD). One test, 
using a dust with a MMD of 0.5 «, was performed 
during April and May, 1950; the other, using a dust 
having a MMD of 2.5 u, was performed during 
October and November, 1949. In each study 10 
rabbits and 24 rats were exposed: six-hours daily, 


mass-median 


five days weekly to a dust concentration of approxi- 
mately 80 mg. of UsOs per cubic meter. With the 
exception of serially killed rats, the animals in 
both tests had 26 days (156 hours) of exposure 
during 37 calendar days. Six control rabbits and 
10 control rats were simultaneously subjected to the 
same schedule in an uranium-free control chamber. 
Exposure was preceded by a conditioning period. 
All animals were male albinos. Rabbit weights were 
recorded twice weekly; rat weights, daily. Rabbit 
urinary protein values were determined daily ; blood 
nonprotein nitrogen (NPN) and urea _ nitrogen, 
twice weekly. Once or twice each week a rat was 
killed, and gross pathological data were recorded 
at autopsy. Ten exposed and 6 control rabbits and 
10 exposed and 10 control rats were autopsied 
terminally, and sections of lung, femur, and kidney 
were examined micropathologically. Portions of 
these organs were analyzed for uranium content by 
the photofluorometric method.4 


Filter-paper dust samples (FPDS) were taken 
at intervals at a sampling rate of approximately 14 
liters per minute, and weight differences were 
recorded. At the end of each day’s exposure the 
samples were combined, ignited, and analyzed by 
the ferrocyanide method.? In the experiment with 
particles of 0.5 « MMD, the average of daily mean 
dust concentrations by weight was 83 mg. per cubic 
meter (81 mg. of UsOs per cubic meter by analysis, 


+ References 1 and 2. 
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a 


a 


Fig. 1—Electron micrograph of U:Os particles 
of 0.5 » MMD. 


excluding the samples of the 33d calendar day that 
were lost). The range was 78 to 87 mg. per cubic 
meter. The average of daily mean temperatures was 
73 F.; the average relative humidity was 53%. In 
the 2.5 « MMD experiment, the average of daily 
mean concentrations by weight was 85 mg. per cubic 
meter (81 mg. of U:Os per cubic meter by analysis, 
excluding the samples of the 29th calendar day that 
were lost); the range was 76 to 90 mg. per cubic 
meter. The average of daily mean temperatures was 
74 F.; the average relative humidity was 50%. 
Chamber-Dust Particle-Size 


Modified cascade impactor samples ® 


Measurements. 

were taken at 
least once daily. They were analyzed by the ferro- 
cyanide method. In the 0.5 4 experiment, the aver- 
age MMD of 32 impactor samples was 0.53 », and 
the range was 0.40 to 0.65 “. The fraction of parti- 
cles having a mean mass below 1 # averaged 75%, 
with a range of 71 to 82%. Figure 1 is an electron 
micrograph of the chamber particles obtained with 
the oscillating thermal precipitator on the eighth 
The MMD this 
sample was 0.65 #. Two impactor samples taken on 


calendar day. calculated from 
the same day and analyzed by the ferrocyanide 
method had MMD values of 0.62 and 0.56 u, re- 
spectively. This is a very satisfactory agreement. 
In the average 
MMD of 33 impactor samples was 2.50 “, and the 


larger particle experiment, the 
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range was 2.15 to 2.82 4. Mean-mass fraction below 
1 # was 13%, with a range of 9 to 20%. Figure 2 
is an electron micrograph of the particles. Since 
these particles were from the water suspension, they 
have an apparent MMD considerably greater than 
that of the chamber dust. This effect was also noted 
in the UQOs studies. 


RESULTS 


V/ ortality.— There deaths in 
either experiment. 
Weight Response. 


10 rabbits and 10 rats earmarked for termi- 


were no 
Growth curves of the 


nal killing are compared with those of con- 
trols in Figures 3 and 4. It is evident that 
growth of animals of both species was re- 
tarded following inhalation of the 0.5 4 
MMD dust; there was no retardation of 
growth following inhalation of the 2.5 » 
MMD particles. 
Biochemical Results —Daily mean urinary 
protein values of the 10 exposed rabbits of 
each study are compared graphically in Fig- 


ure 5. Plots of the dust concentration and 


Fig. 2—Electron micrograph of U:Ox 


from the suspension used to produce 


2.5 # MMD. 


particles 
an aerosol ot 
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Fig. 3.—Daily mean body weights (as percent- 
ages of the last mean weight before the start of ex- 
posure) of rabbits following inhalation of U:Os 
dust at 80 mg. per cubic meter concentration and 
average mass-median diameters of 0.5 and 2.5 4, 
respectively. 


particle MMD are shown in order to aid the 
comparison. In the 2.5 «1 MMD experiment 
all urinary protein values were negative ex- 
cept two, and these were very low (0.5 and 
2 mg. per 100 cc.). In the 0.5 » MMD ex- 
periment, however, there were several posi- 
tive daily means, two of which (on the 7th 
and 18th days) were 10 mg. per 100 ce. and 
a third (on the 35th calendar day) 
slightly greater. 


Was 


There was no significant elevation of blood 
NPN or of urea nitrogen in either experi- 
ment. 

Gross Pathology of Serially Killed Rats. 
was killed 


The lung, liver, 


Once or twice each week a rat 
by one of us (C. W. L.). 
kidney, spleen, and heart were weighed. In 
addition, apparent gross damage was. rated 
on an arbitrary scale from 0 to 10. The re- 


Fig. 5.—Daily mean concentrations and mass 
median particle diameters of UsOs dust and corres 
ponding mean daily urinary protein levels of rabbits 
exposed thereto. 
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Fig. 4—Daily means of body weights of rats 
preceding and following inhalation of UsOs dust at 
approximately 80 mg. per cubic meter concentration 
and average mass-median diameters of 0.5 and 
2.5 respectively. 


sults, in part shown graphically in Figures 6 
and 7, were as follows. In the 2.5 » MMD 
study there was no significant evidence of 
detectable damage in any organ, and weights 
did not differ significantly from those of con- 


trols. In the 0.5 » MMD study no signifi- 
cant abnormalities were observed in liver 


weight, kidney weight, or spleen condition. 
\bnormalities were found in lung condition, 
lung weight, kidney condition, liver condi- 


tion, heart weight, and_ possibly spleen 
weight. One case of slight heart damage 
was noted. 

In Figure 6 it is seen that lung damage 
values rose steadily until a severe damage 


peak was reached on the 19th calendar day ; 


Fig. 6—Gross pulmonary responses in rats fol 
lowing inhalation of UsOs dust at 80 mg. per cubic 
meter concentration and particle size of 0.5 « (white 
circles) and 2.5 « (black circles) MMD 


GROSS LUNG DAMAGE 


MMOD 
a 
: 
a 
4 
2 MMOD 
‘ 
LUNG WEIGHT 
] 
5 MMOD 
@ 
_ 
w 04 T T T T 
° 5 10 5 20 25 30 35 40 
CALENDAR DAY 
13 


— 
2 


values within the normal 
range on the 30th and 33d days and then 
again rose to a value above normal on the 
37th calendar day. 

Gross Pathology of Terminally Killed Ani- 
mals —No_ significant gross abnormalities 
were observed in any of the terminally killed 
animals of either experiment. 

Micropathology of Terminally Killed Am- 
mals —Following inhalation of the larger 
(2.5 » MMD) particles, 1 of 10 rabbits 
showed a minimal degree of regeneration of 
renal tubular epithelium which might be at- 
tributed to injury from uranium. 


these receded to 


Interstitial 


TABLE 1.—Mean Uranium in Tissues of Ten Rats 
and Ten Rabbits Following Inhalation of U:Os 
at Approximately 80 Mg. per Cubic Meter 
Concentration and Mass Median Parti- 
cle Diameters of 0.5 and 2.5 3, 
Respectively 


Mean U 
Content of 
Fresh Tissue, y/Gm. 


Total 
Particle Expo- 
MMD, sure, - 
Species 7 Hr. Lung Kidney Femur 
Rabbit 5 156 1,525 1.4 0.6 
5 156 47 0.1 


156 6.7 
156 92 0.0 


* Mean of two animals. 
nephritis was observed in the kidneys of 
four of the others. 


the regeneration 
usually 


In two of these kidneys 
diffuse than 
From this and from the 
additional fact that interstitial nephritis was 
not observed in any 


was more 


observed. 
of six controls, some 
small degree of injury might be inferred. No 
renal lesions were observed in any of the 10 
exposed rats. No pulmonary lesions that 
could be attributed to uranium were observed 
in any animal of either species. 


Fig. 7—Gross cardiac and splenic responses in 
rats following inhalation of U:Os dust at 80 mg. 
per cubic meter concentration and particle size of 
0.5 « (white dots) and 2.5 » (black dots) MMD. 
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Fig. 8—Mean uranium contents of lungs of 
terminally killed animals following inhalation of 
U;Os dust particles of 0.5 and 2.5 « MMD, respec- 
tively. 


The histopathological findings following 
inhalation of the smaller (0.5 » MMD) par- 
ticles were quite different. Although there 
were no significant pulmonary or hepatic 
changes, pronounced renal changes were 
Slight but significant kidney damage 
was observed in 7 of 10 exposed rats, and 
severer damage was observed in 10 of 10 
exposed rabbits. 


found. 


These changes were of the 
type usually seen in animals exposed to ura- 
nium compounds. Fine, dark particulate 
matter was observed in the macrophages in 
the lungs of all exposed animals. 
Analyses—In Table 1 
mean amounts of U 


Tissue are listed 
in the tissues of termi- 
nally killed animals. In all the tissues exam- 
ined, mean U_ concentration 
greater after inhalation of the particles of 
smaller MMD. The greatest differences were 
in the lung values (Fig. 8). 


ments U 


was much 


In both experi- 
concentration in the lung was, as 
expected, much greater than the concentra- 
tion in the kidney or femur. 


COMMENT 


Let us compare the experimental condi- 
tions and the results of these two studies 
with those of the corresponding UOz experi- 
ments. Chamber concentrations were the 
Particle mass-median diameters were 
0.5 and 2.5 UOs, 0.5 


same. 
as follows: 


and 2.3 ». The only substantial experimental 
differences were in exposure hours, daily, 


weekly, and total. If the difference in hours 
of exposure is taken into consideration, it 
may be stated that the U3Og results closely 
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parallel those of the UQz studies. In Table 
2, micrograms of U per gram of fresh lung 
tissue per exposure hour are compared. The 
corresponding UO, and U;QOsg values are al- 
most identical. A species difference is indi- 
cated, the deposition of larger particles in the 
rat lung being apparently two or three times 
as great as that in the rabbit lung. 

The toxic effects were very slight follow- 
ing inhalation of the particles of larger M MD 
of either oxide. When the results of the 0.5 p 
MMD experiments are compared, it is seen 
that, despite the smaller number of exposure 
hours, renal damage, evaluated histopatho- 
logically, following inhalation of Us;Os was 
as great as that following inhalation of UOs. 


TRITAOCTOXIDE 


DUST 


meter with a mass-median particle diameter 
of 0.5 » has been shown to be much more 
toxic than the same concentration with an 
average mass-median diameter of 2.5 ». This 
was evidenced in the rabbit by higher mean 
urinary protein values, by retardation of 
growth, and by significantly greater renal 
damage, as shown by histopathological ex- 
amination of tissues; in the rat it was evi- 
denced by retardation of growth, by renal 
damage shown histopathologically, and in 
serially killed rats by gross lung damage and 
increase in lung weight (reaching peaks on 
the 19th and 37th calendar days) and by 
gross, probably secondary, weight abnormali- 
ties in other organs. 


TABLE 2—Comparison of Mean Uranium in Lung Tissues of Ten Rats and Ten Rabbits 
Following Experiments with UsOs and UOsz 


Mean Dust 
Concen- 
ation. 


Cu.M. Mg 


Particle Av tr 
MMD, u Mg 


Calculated, assuming chamber dust 95% 


On the other hand, rabbit urinary protein 
excretion in the U;Ox, experiment was less 
pronounced than that in the UOz study; and 
whereas significant elevation of blood NPN 
occurred in the UOzs experiment, it did not 
in the U;Ox, study. These differences may 
in part reflect the difference in exposure 
hours. Certain qualitative differences are 
also evident. In the U3;Ox, experiment, urin- 
ary protein peaks occurred on the 7th, 18th, 
and 35th calendar days, whereas in the UOQs 
study significant protein was not found until 
the 12th day, and a steady rise occurred 
thereafter, culminating in peak values during 
the fourth and fifth weeks. Qualitative differ- 
ences are also seen in the rat growth curves 
and in the lung damage and the lung weight 
curves of serially killed rats. 


SUMMARY 


Uranium tritaoctoxide dust at a concen- 
tration of approximately 80 mg. per cubic 


uranium oxide 


Mean U 
Content of 
Fresh Tissue per 
Exposure Hour, y/Gm. 


Mean U 
Content, 


Total 
Exposure, — 
Cu.M. * Hr. 


199 


Rabbit 
10.6 
156 11.4 9.8 
192 2 0.24 
156 0.58 0.30 


In all tissues analyzed (lung, kidney, and 
femur), deposition of uranium was greater 
following inhalation of particles of 0.5 p 
MMD. The lungs showed the greatest differ- 
ences (in the rabbit, a mean of 1,525 y per 
gram of fresh tissue compared with 47 y; in 
the rat, 1,796 y compared with 92 y). 


The results of this study have been com- 
pared with those of a corresponding UOsz 
study. The quantitative toxic differences re- 
lated to particle size were very much alike, 
whether the oxide was UOs or UsOxg, and, 


when adjusted for the difference in exposure 


hours, the amounts of uranium in the tissues 
of terminally killed animals were nearly iden- 
tical. Some qualitative differences between 
the results of the UO, and U30, 0.5 p 
MMD studies have been noted. 


In addition to the encouragement given by Dr. 
Harold C. Hodge and the critical examination of 
this report by Dr. Charles J. Spiegl, contributions 
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were made by the following: T. B. Barnett, pathol- 
ogy; Bruce Brooks and James Waterbury, tissue 
sampling; Frank Smith and Betty Ashworth, 
clinical chemistry; K. Lauterbach and L. Leach, 
particle-size measurements; M. L. Watson and 
B. L. Jacobson, electron micrography; S. Dzuiba, 
tissue analyses, and R. Kesel and staff, animal care. 
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CLASSIFICATION OF ROENTGENOGRAMS 


C. M. FLETCHER, M.D., F.R.C.P., Cardiff, South 
Wales 


N THE Unit 


we have devoted considerable attention to 


Pneumoconiosis Research 
the roentgenological diagnosis of pneumoco- 
niosis and the classification of roentgeno- 
for three The 
roentgenogram provides the only method of 
diagnosis at the earliest stage of the disease, 


grams main reasons: 1. 


before serious pulmonary damage has been 
done and while such damage may be avoided 
by removing the man from further dust ex- 
posure. For this we find it necessary to rec- 
ognize earlier roentgenographic changes than 
were previously recognized in Great Britain. 
We have used these earlier changes in the 
epidemiological work which I shall be dis- 


cussing later this morning. 2. The roentgen- 


ogram provides the only simple means of 
discovering the extent of the pathological 
changes in the lung during life. For many 
purposes it is necessary to have a logical 
classification of these changes. 3. There is 
little agreement among the methods of roent- 
genological classification used by different 
investigators in any country and still less 
agreement among those working in different 
countries. We have therefore attempted to 
find a system of classification which might be 
acceptable internationally. 

Figure 1 shows a comparison between 
some of the main systems of classification 
that have been used in different countries in 
recent years and that which we have devised 


(PR. 


gories are placed on the same horizontal level 


\pproximately equivalent cate 


We are fairly confident about the corre- 
spondence of the classifications shown in the 

Presented at the Seventh Saranac Symposium 
on Pneumoconiosis, September, 1952 


From the Pneumoconiosis Research Unit of the 


Medical Research Council, Llandough 


Hospital 


IN PNEUMOCONIOSIS 


left-hand section of the Figure, for these are 
based on readings of the same sets of films 
by ourselves and by persons using the other 
classifications. The correspondence of the 
classifications on the right-hand side is based 
on presumption from published descriptions. 

It is obvious that the existence of all these 
different and unrelated systems of classifica- 
tion is a serious barrier to mutual under- 
standing among workers in the field of pneu- 
moconiosis. The establishment of a sound 
system of classification that could be interna- 
tionally adopted would be of the greatest 
value to us all. I propose to describe and 
justify a system which is becoming widely 
used in European countries in the hope that 
after discussion and criticism it may also 
find acceptance on the American side of the 
Atlantic. 

A sound roentgenological classification for 
any pneumoconiosis should have the follow- 
ing features: 1. It should be based purely 
on roentgenological appearances without the 
bringing in of physiological or clinical con- 
siderations. 2. The subdivisions should be 
based on studies of the natural history and 
progression of the disease, so that the earlier 
categories represent earlier ‘stages in the de- 
velopment of the disease than the later cate- 
gories. 3. It should make a distinction be- 
tween the direct effects of dust and those due 
to complicating influences, such as infection, 
where these can be distinguished roentgeno- 
logically. 4. There should not be more sub- 
divisions than can be used with reasonable 
accuracy and consistency. 5. The classifica- 
tion should permit a simple descriptive svs- 
tem of coding. 

Considering these grounds, our chief ob- 
jections in the Pneumoconiosis Research 
Unit to the existing forms of classification 
were as follows: 

1. First, none of the forms made a clear 
distinction between two types of roentgeno- 
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logical appearance which we have come to 
call simple pneumoconiosis and complicated 
pneumoconiosis. In coal pneumoconiosis 
Gough * and Heppleston * have pointed out 
the pathological distinction that can be made 
between foci of coal deposition in the lung 
with reticulin and some collagen fibrosis and 
large masses of collagenous fibrosis which 
they attribute to the action of tuberculosis 
in a dust-ridden lung. In roentgenograms we 
were able to make the same distinction be- 
tween cases with only disseminated, small, 
more or less circular opacities (simple pneu- 
moconiosis ) and those which had additional 
larger shadows due to progressive massive 


fibrosis (P. M. F.), which, in combination 


Fig. 1—Comparison among chief published roent- 
genological classifications of pneumoconiosis. Ap- 
proximately equivalent categories are placed on the 
same horizontal level. 


with simple pneumoconiosis, we call compli- 
cated pneumoconiosis. Follow-up studies * 
showed that the former type of appearance 
increased in intensity only with continued 
dust exposure, whereas the latter type tended 
to progress regardless of dust exposure. Evi- 
dence supporting this “two-disease” hypoth- 
esis is given in my paper on epidemiologi- 
cal studies. I will only state here that it was 
sufficiently convincing to lead us to make 
a clear distinction between the two types of 
appearance in our classification. 

2. Second, follow-up of the cases of simple 
pneumoconiosis revealed that progression 
was invariably shown by an increase in the 
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profusion of the opacities, often, but not 
always, associated with an increase in their 
size.’ Thus we based our classification of 
simple pneumoconiosis primarily on pro- 
fusion, with secondary subdivisions accord- 
ing to the size of the opacities. Existing 
classifications of simple nodular silicosis and 
pneumoconiosis were mostly based on the 
size rather than on the profusion of the 
opacities. 

3. Third, we felt that existing classitica- 
tions were either too simple—with only three 
groups—or too complicated to be accurately 
or consistently applied. 

We therefore evolved a new system, which 
is summarized on the left-hand side of Fig- 
ure 1 (P. R. U.) and whose recent modifica- 
tions I shall now describe. 

At the International Labor Office Confer- 
ence of Experts on Pneumoconiosis in Syd- 
ney in 1950, a system of classification was 
proposed for international use which corre- 
sponded closely with the system which we 
had evolved. This classification will soon 
be officially published by the I. L. O.,"° and 
its text has been given by Cochrane, Davies, 
and Fletcher.* The mere proposal of a new 
system of classification by an international 
conference could do little to advance inter- 
national agreement in practice, and since in 
the Unit we 
wished to be able to compare the results of 
our epidemiological work with studies being 
carried out in French and German coal fields, 
we embarked on discussions with French and 
German experts to see if we could reach 
agreement with them on the use of the classi- 
fication. 


Pneumoconiosis Research 


As a result, they have agreed to 
use the new International Classification with 
minor adaptations, and by means of joint 
film reading sessions we have been able to 
ensure that our use of the system corresponds 
closely with theirs. It would be encouraging 
to have similar studies extended to the west 
side of the Atlantic. 

Before presenting the classification to you, 
[ should make it clear that it is based chiefly 
upon experience in coal pneumoconiosis, the 
detailed appearances of which I shall de- 
scribe, but we have reason to believe that it 
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is applicable in principle to all those common 
and well-recognized forms of pneumoconiosis 
that give rise to bilateral, discrete, more or 
less circular opacities in the chest roentgeno- 
gram, such as silicosis, coal pneumoconiosis, 
and the various forms of modified silicosis. 
It cannot, of course, be applied to other quite 
different types of pneumoconiosis, such as 
asbestosis, berylliosis, or aluminosis. 


Code 
Normal Range o- 
Abnormality simula’ but 
not Dust 
(2%) 
Si Pinhead p 
dixrete opacilics | IS) Spl--F 
i 
A can 
Complicated pal |__| 
B 
vith | | 
coalescent or massive = 
D 
Fig. 2—Diagram of new International Roent- 


genological Classification of Pneumoconiosis. 
INTERNATIONAL ROENTGENOLOGICAL 
CLASSIFICATION OF PNEUMOCONIOSIS 

In Figure 2 normal films are indicated by 
the 0. The letter X is used for films which 
show abnormal shadows, which are usually 
symmetrical, linear, or circular in form, 
which may thus suggest pneumoconiosis, but 
which are more likely to be due to other 
pathological conditions. 

(a) Pneumoconiosis with Discrete Opaci- 
ties (1. L. O.) or Simple Pneumocontosis.— 
In coal pneumoconiosis the characteristic 
opacities are minute (0.5 to 1.5 mm. in diam- 
eter), more or less circular, and fairly well 
defined in outline. They are usually arranged 


ROENTGENOGRAMS 


IN PNEUMOCONIOSIS 


in groups, and in some films these groups of 
fine opacities may present a coarser, nodular 
appearance when the film is viewed from a 
distance. While the basic appearance is gran- 
ular, fine linear opacities often connect adja- 
cent minute opacities, enclosing small trans- 
lucent areas, resulting in a fine reticular or 
lace-like appearance in many films. Larger, 
more or less circular opacities of homogenous 
density, with a diameter up to 5 mm., are 
also commonly seen. 

Of these different patterns of opacity, one 
may predominate or, more commonly, more 
than one may be combined to give a mixed 
appearance, and, as the condition advances 
with increasing dust exposure, the general 
degree of abnormality of whatever type in- 
creases. 

Three categories of increasing abnormality 
are used, which we define as follows: 

Category 1: A few characteristic opacities 
0.5 to 3 mm. in diameter are seen, usually 
in the second, third, or fourth anterior rib 
spaces, midway between the mediastinum and 
the periphery, more commonly on the right 
than on the left. Occasionally they appear 
more peripherally. The vascular markings 
are clearly visible. To make a diagnosis of 
Category 1 simple pneumoconiosis, the char- 
acteristic abnormality must be found in at 
least two rib spaces and in each must extend 
over 1 sq. cm. or more. 

Category 2: Opacities 0.5 to 3 mm. in 
diameter are more numerous and are distrib- 
uted throughout the lung fields, but they are 
usually less profuse and are commonly absent 
in the peripheral third. The vascular mark- 
ings are still visible although not so clearly 
as in Category 1. 

Category 3 ( Plate 14 and IB) : The opac- 
ities are now profusely distributed through- 
out the whole of both lung fields, including 
the periphery, but at the apices they may be 
relatively sparse. 

The distinction of the categories is made 
chiefly on the profusion of the opacities, but 
their diffusion throughout the lung field, 
especially at their peripheral parts, and the 
degree of obscuration of the lung markings 
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we. 
Plate | 4.—Example of simple pneumoconiosis of coal workers. Category 3 (mixed type) ; 
code, 3m/——/—. 


Plate I B.—Full-size detail of right upper zone. 


are also taken into account. In cases where Categories 1, 2, and 3 may be further sub- 
the distribution of the opacities is uneven, divided into the following : 

the category is determined by that half lung Pinhead type (Plate I1d and IIB). This 
field which shows the greatest abnormality. occurs in about 10% of cases. Opacities up 


Plate 11 4.—Example of simple pneumoconiosis of coal workers. Category 3 (pinhead type) ; 


code, 3p/—— 


Plate Il B.—Full-size detail of right upper zone. 
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Plate I1I1.—Example of complicated pneumoconio- 
sis of coal workers. Category A on a background of 
Category 2 simple pneumoconiosis; code, 2/A.2/—. 


to 1.5 mm. in diameter are uniformly dis- 
tributed throughout both lung fields, giving 
rise to a profuse and uniform granularity. 

Mixed type. In these films, opacities of 
various sizes ranging up to 3 mm. in diame- 
ter are distributed throughout the lung fields. 

Nodular type. In these films, discrete, 
more or less circular opacities, seldom more 
than 5 mm. in diameter, of homogenous den- 
sity are distributed throughout the lung 
fields. This is the usual appearance of clas- 
sical silicosis. 

When this system of classification was first 
published,* four categories of simple pneu- 
moconiosis were proposed. In the light of 
further experience, the fourth and most ad- 
vanced category was found to be uncommon 
and of little importance, and so it has been 
omitted from the International Classification 
of the I. L. O. and, from its modification, has 
agreed with the systems of the French * and 
the Germans.7 We have therefore abandoned 
it and now use only three categories of sim- 
ple pneumoconiosis. 

* References 5 and 6. 

+ Reichmann, V., and Worth, G.: 
lished. 
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(b) Pneumoconiosis with Coalescent or 
Massive Shadows (1. L. O.), Complicated 
Pneumoconiosis (P. R. U.).—The earliest 
roentgenographic evidence of progressive 
massive fibrosis is the presence, on a back- 
ground of Category 2 or Category 3 simple 
pneumoconiosis, of larger (1 cm. or more in 
diameter), less well-defined opacities than 
those characteristic of simple pneumoconiosis 
itself. These opacities often resemble reinfec- 
tion-type tuberculosis, both in their position 
and in their appearance. They most com- 
monly develop in the posterolateral segment 
of the upper lobes and the apical segments of 
the lower lobes, more commonly on the right 
than on the left, but the shadows are not 
strictly segmental, and in a posteroanterior 
film the commonest distribution is over a 
longitudinal section of the upper and mid 
zones midway between the hilus and the 
periphery. 

In the course of time, these shadows tend 
to grow and coalesce to form larger shadows 
of various shapes and sizes. New areas of 
opacity may develop in other parts of the 
lung, and ultimately a large portion of both 
lung fields may be occupied by massive shad- 


Plate [V.—Example of complicated pneumoconio 
sis of coal workers. Category B. The category of 
simple pneumoconiosis cannot be discerned. There 
is Cavitation on the right side, but sputum was 
negative for tubercle bacilli. Code, ? C/5/4. 


3 
+4 } 
* 
~ 
bed 
| 


ows. Later, the shadows tend to contract with 
an increase in their density, with subsequent 
severe distortion of the lung architecture and 
with the development of gross emphysema. 
Our classification of these shadows is based 
upon our observation of the progression of 
the disease. We use four categories, the first 
three of which are distinguished chiefly on 
the basis of the size‘and extent of the shadow 
and the last of which indicates the presence 
of thoracic distortion and emphysema. 
Categories of Complicated Pneumoconi- 
osis: Category A (Plate III1). Shadows oc- 


Plate V.—Example of complicated pneumoconio- 
sis of coal workers. Category D; Code, ? D/4/4. 


cupying at least one anterior rib space gen- 
erally formed by the coalescence of more or 
less circular shadows, more than 1 cm. in 
diameter, with indefinite margins and of un- 
even density. 

Category B. Dense shadows which are 
more extensive, better defined, and of more 
homogenous density than Category A but 
which extend over less than three anterior 
rib spaces. 

Category C (Plate IV). The same type of 
shadow extending over more than three an- 
terior rib spaces. 
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Category D (Plate V). One of the pre- 
ceding class of shadows associated with seri- 
ous distortion of the pulmonary architecture. 

In the early stages of progressive massive 
fibrosis, the background of simple pneumo- 
coniosis can always be seen, but as the shad- 
ows grow in extent, and particularly as 
emphysema develops, the underlying simple 
pneumoconiosis may become completely ob- 
scured. 

Coding.—The classification of any film of 
coal workers’ pneumoconiosis according to 
our system can be expressed in a simple code 
of numbers and letters, indicated in the sum- 
mary of the classification given in Figure 2. 
Thus a film of simple pneumoconiosis can 
be described by the number of the category 
and the letter indicating the type of film. In 
a case of complicated pneumoconiosis, the 
number and letter indicating the underlying 
simple pneumoconiosis are given first, fol- 
lowed by the letter indicating the category 
of massive fibrosis. The extent of this may 
be indicated by two figures, separated by an 
oblique, representing the number of anterior 
rib spaces covered, respectively, on the right 
and on the left by the massive shadows. Ex- 
amples of this coding system are given in the 
legends for Plates I to V. 


VALIDITY OF THE CLASSIFICATION 

The classification is made solely upon 
roentgenological appearances, and the cate- 
gories are based upon follow-up studies of 
coal miners, so that they represent progres- 
sive stages in the roentgenological manifes- 
tations of this kind of pneumoconiosis. 

Simple pneumoconiosis and complicated 
pneumoconiosis with its progressive massive 
fibrosis are clearly distinguished. While this 
distinction is made solely on roentgenological 
appearances, it does correlate well with the 
pathological distinction made by Gough and 
Heppleston.t We have been able to examine 
a considerable number of large sections of 
lungs, prepared by Professor Gough’s tech- 
nique, from cases that had undergone roent- 
genological examination in the Pneumoconi- 


t References 1 and 2. 
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osis Research Unit within a year of death. 
In cases in which the roentgenograms show 
progressive massive fibrosis, we always find 
localized, dense, collagenous fibrous masses, 
whereas in cases showing simple pneumo- 
coniosis we usually find only the generalized 
foci of dust deposition. However, there are 
occasional cases showing only simple pneu- 
moconiosis in the roentgenogram, in the 
lungs of which a few small collagenous nod- 
ules may be found, suggesting early massive 
fibrosis. This is not surprising, for in cases 
with the earliest roentgenological signs of 
progressive massive fibrosis, tomograpliy 
always reveals much more definite areas of 
consolidation than would have been suspected 
from the straight film. We can conclude that 
in nearly every case which we class as Cate- 
gory A progressive massive fibrosis is already 
well established, the only rare exceptions 
being those cases in which some other form 
of localized pulmonary disease is unmistak- 
enly diagnosed as P. M. F., but that massive 
fibrosis may already have started in a number 
of cases which we classify as simple pneumo- 
coniosis. The size and position of the larger 
masses in Categories B and C and the extent 
and severity of the pulmonary distortion with 
bullous emphysema in Category D are usu- 
ally fully confirmed at necropsy. 

In cases of simple pneumoconiosis the 
relationship between roentgenological cate- 
gories and the severity of the pathological 
change is not very precise. There is no rela- 
tionship between the roentgenological cate- 
gory and the severity of focal emphysema. 
There is, however, a rough relationship be- 
tween the roentgenological category and the 
profusion of dust deposits in the lung found 
by the pathologist. 

The relationship between classification and 
disability will be described elsewhere. I will 
only emphasize here that severe disability in 
coal pneumoconiosis is largely confined to 
men with complicated pneumoconiosis. 

Perhaps the best justification for our clas- 
sification is found in its relationship to dust 
exposure. Figure 3 shows the relationship 
between the dosage of dust received by men 
who have worked at the coal face only during 
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the 10 years before they were examined and 
the proportion of them who have developed 
Category 1 or more, Category 2 or more, and 
Category 3 simple pneumoconiosis. Taking 
the points at which 50% of the men have a 
given roentgenological category, we find that 
it requires nearly twice as much dust expo- 
sure to produce Category 2 as it does to pro- 
duce Category 1 and as much again to 
produce Category 3. The actual ratios of dust 
exposure required on the average to produce 
Categories 1, 2, and 3 are approximately 6 
to 10 to 15.§ This suggests that the category 
of simple pneumoconiosis provides some 
measure of the quantity of dust retained in 
the lungs. 
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Fig. 3.—Relationship between dust exposure and 


prevalence of simple pneumoconiosis, Categories 1, 


2, and 3, among coal-face workers. Abscissae: dust 


dosage (dust concentration in arbitrary units X 
years of exposure). Ordinates: percentage of men 
with roentgenological signs of pneumoconiosis. 


It has been shown || that, once progressive 
massive fibrosis has started, it generally pro- 
gresses onward to the formation of large 
massive shadows, with ultimate disability, 
although the progression may become ar- 
rested at any stage. It has also been shown 
that cases of simple pneumoconiosis in Cate- 
gories 2 and 3 may, regardless of whether 


§ The actual figures of particle years have been 
omitted from the Figure 3, 
because further work is required before their ab- 


horizontal axis in 
solute validity can be established. Their relative 
validity may be assumed to be approximately cor- 
details of the 
curves are given in my paper in this Symposium 


rect. Further derivation of these 
on “Epidemiological Studies of Coal Miners’ Pneu- 
moconiosis in Great Britain.” 
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or not they continue to be exposed to the 
inhalation of dust, develop massive fibrosis 
and start on the same course of progression. 
Cases of Category 1 simple pneumoconiosis, 
on the other hand, have not been observed to 
develop progressive massive fibrosis. The dis- 
tinction in our classification between Cate- 
gory 1 simple pneumoconiosis and Categories 
"2 and 3 and the further distinction of simple 
pneumoconiosis from progressive massive fi- 
brosis have thus an important prognostic 
significance. 


IS CATEGORY 1 A TRUE ABNORMALITY? 

I wish next to consider the validity of the 
earliest roentgenological sign of pneumoconi- 
osis which we accept, namely, our Category 
1. We have used this category as evidence 
of pneumoconiosis in our roentgenological 
work, and yet certain experienced roentgen- 
ologists, both in Great Britain and in the 
United States, have told us that films which 
we classify as Category 1 do not, in their 
opinion, deviate significantly from appear- 
ances which may be found in the ordinary 
population. 

The relationship between Category | sim- 
ple pneumoconiosis and dust exposure (Fig. 
3) provides good evidence that this early 
category is a manifestation of the effects of 
dust in the lungs, but the surveys from which 
this evidence was derived were confined to 
coal miners and do not exclude the possibility 
that an appearance similar to Category 1 
might develop in persons simply exposed to 
the ordinary dust and smoke of civilization. 
If this were so, Category 1 could not be re- 
garded as an indication of an occupational 
pneumoconiosis. 

To study this question, we assembled 125 
films of men without dust exposure, aged 
25 to 50, derived partly from members of the 
staff of the Unit and Hospital and partly 
from a roentgenological survey of then work- 
ing at power stations in South Wales. In all 
these cases, a full working history was ob- 
tained in order to establish that none of the 
men had been exposed to a recognizable dust 
hazard. We also selected 75 films of miners, 
of the 
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same age distribution as the non- 
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miners, which had been taken on surveys in 
South Wales. Fifty of these films had previ- 
ously been diagnosed as normal, and 25 as 
Category 1 simple pneumoconiosis. Care was 
taken to ensure that there was no systematic 
difference in technical factors between the 
films of the miners and of the nonminers. 
These films were read by four observers from 
the Unit—A, B, 
C, and D. A and B were the observers who 
were responsible for all the film reading in 
our field surveys; C and D had had consid- 
erable experience in the roentgenological di 
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agnosis of pneumoconiosis in the routine 
work of the Unit. 

We decided to use the experiment to see 
if we could recognize evidence of pneumo- 
coniosis even earlier than Category 1. The 
observers were therefore asked to classify the 
films into four groups: “Normal”; “Evi 
dence of exposure but less than Category | 
simple pneumoconiosis” ; “Category 1 simple 


pneumoconiosis,” and “Category 2 simple 
pneumoconiosis.” The industrial histories 


were not, of course, available to the observers 
during their readings. The films were read 
by A and B together and by C and D to 
gether. Finally, those films which A and B 
classified differently from C and D (50 in 
number) were read by all four observers in 
consultation. 

The results are given in the upper half of 
Table 1. It will be seen that Observers .\ 
and B read very conservatively compared 
with their previous readings of the films of 
the miners during surveys. Of the 25 films 
they had previously classified as Category 1, 
they now placed only 10 in this category and 
1 in Category 2. Of the rest, they found evi- 
dence of dust exposure in 25 and called 39 
normal. At the same time, they diagnosed 
only 1 of 125 films of nonminers as showing 
evidence of dust exposure and none as Cate- 
gory 1. Observers C and D, on the other 
hand, read abnormality more liberally. They 
diagnosed 38 cases of Category 1 among the 
miners, 10 as having evidence of dust expo- 
sure and 26 as normal. At the same time they 
diagnosed four cases of Category 1 among 
the nonminers and nine cases of abnormality 
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suggesting dust exposure less than Category 
1. When all to agree 
finally on the films upon which they had 
separately 


four observers met 
disagreed, the readings on the 
films of miners closely approximated the 
previous survey readings and no instance of 
Category 1 was read among the nonminers. 
(nly one nonminer was read as having ab- 
normality suggestive of dust exposure. 

We conclude from the results of this ex- 
periment that even when the observers were 
straining to detect the least evidence of dust 
exposure (C and D) it was seldom detected 
in nonminers. But this experiment did not 
show how often the abnormality diagnosed as 
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always represent an abnormal appearance 
attributable to excessive dust exposure. 

It appears that considerable experience of 
the specific roentgenological abnormalities of 
pneumoconiosis is necessary to be able to 
the earliest 
stages. We have found that less experienced 


make a reliable diagnosis of 


observers reading the same set of films make 
many more false positive diagnoses. 

Two physicians (X and Y) who had con- 
siderable experience in the roentgenological 
diagnosis of pneumoconiosis but who believed 
that the earliest signs of pneumoconiosis con- 
in of 


rather than in the specific minute opacities 


sisted an increase linear markings, 


Classification of Pneumocontosts on Films of Nonminers and Miners 


Classification of Films 


125 Nonminers 75 Miners 

Readers 0 0 + 1 
A + B (Survey)....... - - 50 95 
A+ Be 124 l 39 25 10 1 
+ Dass. 112 9 6 10 1 
A + B and C + D*.,. 122 1 $1 10 22 l 
A + B* (Rereading).. 12 > 19 
a* 3 12 45 14 
Y* 17 11 14 35 14 


In these readings two films of nonminers and one miner’s film were omitted for technical reasons 


0 Within normal limits 

@ = Within normal limits but suggestive of dust exposure 
1 = Category 1 simple pneumoconiosis. 

9 


Category 2 simple pneumoconiosis. 


Category 1 by A and B under conditions of 
routine reading of survey films might be 
found in nonminers. We therefore arranged 
for A and B to reread the films, asking them 
to approximate as closely as possible to their 
normal survey reading technique and not to 
attempt to read abnormality less than Cate- 
gory 1. The results are also given in Table 
1, and it will be seen that on this occasion 
there was only a very slight bias toward 
underreading. Despite this, no film of a non- 
miner was read as Category 1 simple pneu- 


moconiosis. 


Finally, therefore, we may conclude that 


the roentgenological appearance which we 
normally diagnose as Category 1 simple 


pneumoconiosis is one which very seldom 
occurs in men without dust exposure and that 


our roentgenological Category 1 does nearly 


upon which we 


read the 
same set of films. Their readings are given 
at the bottom of Table 1. It will be seen that 


they read much more abnormality in the 


concentrate, also 


miners and also read Category 1 in large 
numbers of nonminers, and one of them even 
read Category 2 in three nonminers’ films. 
These readings provide good evidence that 
an increase in linear markings is a non- 
specific change. It seems to me that before 
anyone engaged upon survey work in pneu- 
moconiosis publishes figures of the prevalence 
of pneumoconiosis based upon roentgen- 
ographs he should carry out the sort of ex- 
periment I have described in order to dem- 
onstrate that the changes he is attributing to 
dust inhalation are found only in those ex- 
posed to dust and are not a misinterpretation 
of a variation in normal roentgenological 
appearances. 
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Observer Error.—The differences between 
the reading of A + B and C + D shown in 
Table 1 are an illustration of the observer 
error that is such an important factor in the 
roentgenological diagnosis of pneumoconi- 
osis. It is surprising how little attention has 
been paid to this subject in the literature. 
American authors have pioneered the subject 
in relation to the diagnosis of tuberculosis, 
but we alone appear to have investigated it in 
Fletcher and Oldham” 
showed that in the classification of roent- 


pneumoconiosis. 


genograms of simple pneumoconiosis not 
only may different observers disagree to a 
remarkable extent among themselves (inter- 
observer error) but the same observer may 
classify the same film differently on different 
occasions (intraobserver error). Such error 
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In a subsequent study,’* again restricted 
to simple pneumoconiosis, Fletcher and Old- 
ham investigated the use of standard films to 
reduce observer error in classification. These 
standard films exemplified the limits of the 
categories and were compared with each film 
that was being classified. The investigators 
found that standard films did not enable ex- 
perienced readers to increase the accuracy of 
their classification, but they did enable read- 
ers, inexperienced in the classification, to 
read more accurately. Fletcher and Oldham 
also showed that four experienced observers 
reading the films in consultation were more 
accurate than any of them reading alone. 
In routine work it is impracticable to have 
four readers working in consultation reading 
large numbers of films. We have therefore 


=: 2—Comparison of Diagnoses on One Hundred Films of Miners by Six Readers 


A 
(P. R. U.) 


Diagnosis 
Simple pneumoconiosis only.. 
8. P. + Inactive T. B....ccccccccess: , 
S. P. + Clinically significant T. B 


may seriously affect the recorded prevalence 
of pneumoconiosis and must be carefully con- 
trolled and investigated if valid comparisons 
are to be made between the prevalence in 
different groups. The importance of these 
errors is well exemplified by Fletcher and 
Oldham’s results. They asked 10 different 
observers, all experienced in the diagnosis of 
pneumoconiosis, to classify 102 films of mi- 
ners, which ranged from normal through the 
various stages of simple pneumoconiosis. The 
“prevalence of pneumoconiosis” in this group 
of films was variously estimated by these 
observers as ranging from 56 to 97%, and 
the number of films considered to show suf- 
ficient “certification” 
(i. e., sufficient to warrant consideration for 
compensation) varied from 9 to 63%. They 
also showed that roentgenographic technique 
had an important influence on the assessment 
of the severity of pneumoconiosis. 


pneumoconiosis for 


{ References 8 to 10. 
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(P. B. U.) 


Readers 


B R R+W 
(P. R. U.) (Swiss) (Australian) (German) 
37 45 42 35 
31 12 16 8 
14 15 16 26 
18 28 26 31 


adopted a compromise technique which is 
almost identical with that shown by Yeru- 


shalmy and associates ® to give the greatest 


accuracy in roentgenological diagnosis of 
tuberculosis. Our films are all read by two 
observers on two independent occasions, and 
the films on which these two readings differ 
are read for a third time to obtain a casting 
vote. 

The diagnosis of the presence or absence 
of the earliest signs of massive fibrosis and 
its distinction from tuberculosis are also sub- 
ject to serious error. Table 2 shows the read- 
ings given by three members of our Unit and 
by three observers from other countries on 
100 films, all of which showed pneumoco- 
niosis and a proportion of which had early 
localized shadows. We have not yet carried 
out any detailed studies on ways and means 
of reducing these very grave errors, but we 
believe that our duplicate reading technique 
may reduce them. The high level of consist- 
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ency shown by Readers A and B on routine 
survey work has been shown in results ob- 
tained from their first and second readings 
of 500 films selected at random from a large 
survey. 

International Agreement.—Figure 4 gives 
a comparison between the classification of a 
set of 150 films of miners by readers in the 
Pneumoconiosis Unit using the 
International Classification and readings of 


Research 


the same films by German experts using, on 
the one hand, their own modification of the 
1930 International the 
I. L. O. and, on the other hand, the new In- 
ternational Classification. Figure 5 gives a 
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similar comparison between readings of 80 
films of simple pneumoconiosis made by Dr. 
3ristol in the Saranac Classification and also 
in the (these 
readings were kindly made at my request 
when I visited Saranac in March, 1950). In 
both these comparisons it will be seen that, 


International Classification 


while one or more categories in one classifica- 
tion may have fairly precise equivalents in an- 
other, films placed into a single category in 
one classification may be spread evenly over 


three or more categories in the other, so that 


and 
films 


Fig. 4—Comparison between International 
German Classifications. One hundred fifty 
previously classified by the Pneumoconiosis Re- 
search Unit (30 each of Categories 0, 1, 2, 3, and 
A) were classified by four German readers, first 
according to the International Classification (left) 
and then according to their own classification 
(right). The histograms show the proportion of 
each group of 30 films that were placed by the Ger- 
man readers into the categories shown at the top 
of the Figure. 


International Classification German Classification 
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Classificotion by P.R.U. Readen 


Mean Category by PRU. = 214 
Mean Category by Germans = 2.06 
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PRU. Reading 


Fig. 5—Comparison between International and 
Saranac Classifications. Eighty films previously 
classified by the Pneumoconiosis Research Unit (24, 
Category 0; 16, Category 1; 16, Category 2, and 24, 


Category 3) were classified by Dr. Bristol, first 


according to the International Classification (left) 
and then according to the §S Classification 


Saranac 
(right). The histograms show the proportion of 


each group of films placed by Dr. Bristol into the 
categories shown at the top of the Figure. 

it is alrnost impossible to translate the read- 
ings in one classification into those in the 
other. 

Judged by the criteria | have proposed, 
the International System of Classification 
is basically a sound one, though it will 
no doubt receive further modification in the 
light of experience. It is gaining increasing 
acceptance in Europe. I welcome the oppor- 
tunity to present the system to American 
experts and hope that my paper, and our 


discussion, may lead some of you to try it 


out and see if you do not find it as convenient 
and practical as we find it. In this way the 
field of agreement and mutual understanding 
may grow ever wider. 
SUMMARY 

The absence of any agreed system of clas- 
sification of roentgenograms in pneumoco- 
niosis is a barrier to mutual understanding 
among workers in this field. 
described 
which was accepted by the International Con- 


A system of classification is 
ference of Experts on Pneumoconiosis of the 
[. L. O. at Sydney in 1950 and is being used 
in Great Britain, France, and Germany. It 
separates films with only generalized discrete 
opacities 


trom 
those showing additional coalescent or mas- 


(simple pneumoconiosis ) 
sive shadows (complicated pneumoconiosis ). 
Within each of these major subdivisions 
there are categories based upon the natural 
history of the disease. 


27 


Seronec 
9 N $ 
Cor. 0 
Cot. 
Cot. 2 
Cot. 3 
2 3 AD 0! " " 
Cor. 0 
Cot. 1 
Cot. 2 
Cet. 3 
Cot. A 
> 


In simple pneumoconiosis of coal miners, 
there is a quantitative relationship between 
the roentgenological category and the dust 
exposure, which suggests that the category 
gives some measure of the quantity of dust 
retained in the lung. 

Category 1 represents a very slight devi- 
ation from normal. Evidence is given that it 
is a real manifestation of the effects of dust 
in the lung, since it is seldom diagnosed by 
experienced observers in films of the normal 
population. Considerable experience of the 


specific roentgenological signs of pneumo- 


coniosis is required to make a reliable diag- 
nosis in the early stages. 

Observer error in the classification of 
roentgenograms presents a serious problem 
requiring further study. It may be reduced 
to some extent by the use of standard ref- 
erence films and by duplicate reading of all 
films. 

The wider adoption of the new 
tional 


Interna- 
Classification of Pneumoconiosis is 


urged. 
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EPIDEMIOLOGICAL STUDIES OF COAL MINERS’ 


PNEUMOCONIOSIS IN GREAT BRITAIN 


C. M. FLETCHER, M.D., F.R.C.P., Cardiff, South Wales 


INTRODUCTION 


HERE are a number of different coal 

fields in Great Britain (Fig. 1 ). In most 
of them the coal is of bituminous character 
with a high volatile content, but the coal 
field of South Wales provides coals ranging 
in character from high-grade anthracite ( vol- 
atile matter, + to 10% ) 


through carbonaceous, or steam, coal ( vol- 


in the western part, 


atile matter, 10 to 16%) to semibituminous 
matter, 16 
to 36%) on the eastern and southern mar- 
gins of the field. 


and bituminous coal (volatile 


Miners’ black lung, or, as we now call 
it, coal miners’ pneumoconiosis, was first 
described in Scottish coal miners more than 
100 years ago.' The disease was generally 
considered to have disappeared by the end 
of the last century, because working condi- 
tions in the mines had greatly improved, and 
mortality statistics of coal miners did not 
show the high tuberculous mortality charac- 
teristic of occupations in which silicosis was 
known to be prevalent.* However, shortly 
after World War 
chest roentgenography revealed that, at least 


Wales, 


showed roentgenological abnormalities re 


I the increasing use ol 


in South coal miners commonly 
sembling silicosis which were associated with 
disability.* In 1931 coal miners were first 
granted compensation for silicosis under the 


Act, 


official figures began to appear showing the 


Workmen’s Compensation and thus 


number of men certified each year. These 


From the Pneumoconiosis Research Unit of the 
Medical Research Council, Llandough Hospital 

Presented at the Seventh Saranac Symposium 
on Pneumoconiosis, September, 1952. 


* References 3 and 4. 


figures for South Wales and for the rest of 
Great Britain are shown in Figure 2. 

The reasons for the tremendous increase 
in certified cases during World War II, par- 
ticularly in South Wales, have been discussed 
The attributable 
partly to legislative changes in 1943, partly 


elsewhere.® increase is 


to increase in the incidence of the disease 
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Map of coal fields of Great Britain. 


in the interwar years, and partly to social 
influences leading miners to seek certifica- 
tion to escape from mining to less arduous 
but equally well-paid work. The figures on 
the right of the diagram for those certified 
under the new Industrial Injuries Act in- 
troduced in July, 1948, are not strictly com- 
parable with the earlier figures, because diag- 
nostic standards have undergone important 
Act 


29 


changes and because under the new 


pet A, | xpoced coallields 
| 
7 Noa) UBER. | 
| | | | | 
i LANCASHIRE <.. Sa) 
| 
| 
Sonmeaser Aenr | 
| | | 
+ — 14] 


miners are permitted to continue to work 
in the mines if they wish to after certification, 
whereas they were previously suspended from 
further mining. Both these circumstances 
would tend to increase the numbers certified. 
The figures in the South Wales coal field 
are shown separately in Figure 2 from those 
for the rest of the country because of the 
striking contrast between the incidence in 


the two 


areas, which is one of the most 


South Wales (109,000 —140,000 miners) 


Pneumoconiosis Scheme 


Introduced July, 1943 


| 
| 


Rest of Great Britain (600,000 — 700,000 miners) 


= 
= 
= 
s 


| 
| 
| 
| 
| 
| 
| 


[-JWorkmen’s Compensation Act 1925 National Insuronce (Industrial Injuries) Act 1946 

Fig. 2—Histogram showing number of coal 
miners certified to have silicosis or pneumoconiosis 
each year from 1931 to 1950 in South Wales 
(above) and the rest of Great Britain (below). In 
July, 1948, the Workmen’s Compensation Act was 
superseded by the National Insurance (Industrial 
Injuries) Act (consult text). The number of cases 
certified under the new act are shown cross hatched. 


remarkable features of the epidemiology of 
this Great Britain. Within the 
South Wales coal field itself there are also 
important regional differences in the inci- 
dence of the disease, as shown by certifica- 


disease in 


tion figures.° The incidence has always been 
very much higher in the anthracite and steam 
coal mines than in bituminous mines. 
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In 1938 the Industrial Pulmonary Diseases 
Committee of the Medical Research Council 
initiated a series of investigations in South 
Wales into the nature of the pulmonary 
disease which was so prevalent among the 
miners Hart Aslett ° 
out a roentgenological survey at 16 mines 
throughout the South Wales coal field and 


found a high incidence of roentgenological 


there. and carried 


abnormalities, identical 


with, silicosis, which were attributable to the 


resembling, but not 


inhalation of coal dust. Similar abnormalities 
were found in the lungs of coal trimmers 
exposed to coal dust, but to no rock dust, 
in the bunkers of ships in South Wales ports. 
The roentgenological abnormalities were far 
more prevalent in anthracite than in bitumi- 
nous mines, with steam coal mines occupying 
an intermediate position. Dust measurements 
were made at some of these mines,+ and a 
relationship was found between the total 
dust concentration and the disease incidence, 
but the incidence was not more closely related 
to any special component of the dust, such 
as silica, Pathological and chemical analysis 
of miners’ lungs and animal inoculation ex- 
periments failed to show what component of 
the dust was responsible for the fibrosis or 
to provide supporting evidence that anthra- 
cite dust was more fibrogenic than bitumi- 
nous coal dust, but the Industrial Pulmonary 
Diseases Committee concluded that “the dust 
in anthracite mines is more dangerous than 
in bituminous mines,” and since investiga- 
tions in both Russia and the United States 
had also shown a higher prevalence of the 
anthracite 


disease in bituminous 


mines, a widespread belief developed, despite 


than in 


the lack of any real evidence to support it, 
that there was a difference in the fibrogenic 
action of these two kinds of coal dust. The 
fact that in anthracite mines there is little 
danger of coal-dust explosions, and thus less 
need for such effective ventilation, was over- 
looked, although this fact would tend to 
result in higher dust concentrations in an- 
thracite mines. 


+ References 7 and 8. 
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Both the roentgenological and pathologi- 
cal ** studies in South Wales made it clear 
that the coal workers’ disease was quite dis- 
tinct in its appearance from classical  sili- 
cosis, although classical silicosis might appear 
in miners who had predominantly worked in 
rock, 

Following these reports of the Medical 
Research Council, a vigorous campaign of 
dust suppression was started in Britain in 
coal mines, especially in South Wales, aimed 
at suppressing all dusts and not only rock 
dust as had previously been done. This cam- 


paign is still gaining momentum under spe- 


cial Dust Suppression Officers appointed by 
the National Coal Board. A 


quence of these reports was the introduc- 


further conse- 


tion of legislation which admitted cases with 
roentgenographs not characteristic of sili- 
cosis to the Compensation Scheme. Partly 
owing to this, there was a great rise in the 
number of certified cases, and by the end of 
1947 nearly 20,000 coal miners had been 
certified and suspended from the industry in 
South Wales, and an unknown but probably 
far greater number of unrecognized cases 
were still at work in the mines. By the end 
of 1951, nearly 30,000 cases had been cer- 
tified in South Wales and over 7,000 in the 
rest of the country. The vast social problem 
caused by this affliction of the miners has 
been reviewed by Hugh-Jones and Fletcher.’ 
The serious nature of this occupational dis- 
ease in the basic industry of the country led 
the Medical 1945 to 


set up in South Wales a special Pneumo- 


Research Council in 
coniosis Research Unit which I have had the 
privilege of directing during the past seven 
years. We have studied many aspects of the 
problem of pneumoconiosis. The investiga- 
tions into the epidemiology of the disease, 
which I propose to summarize, have for the 
most part been designed and executed by my 
colleague, Dr. A. L. Cochrane, to whom all 


the credit for their contribution to our 
knowledge belongs. They are being prepared 
for publication in full elsewhere. 

I shall consider first our attempts to study 


the relationship between disease incidence 


COAL 


VINERS’ PNEUMOCONIOSIS 
and dust exposure which have had two pri- 
mary objectives: 

1. To discover whether the great differences in 
certified incidence of 
attributable 
centrations, so 


the disease in different areas 
were simply to differing dust con- 
that the relationship between dust 
exposure and disease incidence would be the same 
regardless of the nature of the inhaled coal dust, or 
whether different coal dusts differ in their liability 
to produce pneumoconiosis 


2. To attempt to discover “safe dust levels”; that 


is to say, the concentration of air-borne coal dust to 


which men may be exposed without developing 


serious pneumoconiosis 


METHODS 


Disease Measurement.—This_ we 


roentgenological examination, for we are interested 


in the very earliest evidence of pulmonary changes 
due to dust. These changes can be detected only by 


roentgenology and may be unassociated with any 


clinical or physiological changes, as Dr. Hugh-Jones 
will show you tomcrrow. It might be objected that 


we are not, therefore, measuring “disease.” How 
ever, these early changes are the infallible precursors 
of the later disabling stages of pneumoconiosis. It is 
as if we were studying the tuberculous infectivity of 
different communities by Mantoux testing. A man 
with a positive Mantoux reaction has not neces 
sarily got tuberculous disease, but he has been in 


fected by tuberculosis. with 


Similarly, a man our 
Category 1 simple pneumoconiosis 2% has not neces- 
sarily got a disease, but he has inhaled enough dust 
to produce roentgenological change. 


The 


perienced observers according to the 


roentgenograms are classified by two ex- 

International 
this morning. 
The classification is done on two separate occasions, 
and those films on which the two opinions differ 
are given a third reading to decide the final category. 

Industrial Histories. \ detailed his- 


tory is taken from every man when he is x-rayed, 


System which | 


de scribed € arlic r 


industrial 


with special attention to periods spent at work on 


the coal face. Other occupations are classified as 


exposure to “mixed coal and stone dust” (such as 
repairing on the c “stone 
dust” (such as repairing roadways and driving head- 


al face), exposure to 


ngs through rock), and “minimal dust exposure” 
(such as haulage and general laboring away from 
the coal face) 

Dust Measurement.—Hart and Aslett’s results 
and the experience of the Silicosis Medical Boards 
had shown that the vast majority of cases of pneu- 
moconiosis among coal workers arose in men pre- 
dominantly exposed to coal dust on the coal face. 
Heavy exposure to rock dust is experienced by only 
relatively small numbers of men in special occupa- 
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TABLE 1.—Prevalence of Pneumoconiosis in 
Various Populations 


Percentage of Each Category in Populations 
Defined Miners 
Under and 
ground Exminers 
Popu- Surface Ex- Admitted 
lation, Workers, miners 
X-Ray Col- Col- in P.R.U. 
Cate- liery K, liery K, Town kK, Ward, 


100 Con- 
secutive 
Cases 
Certified 


in 
Cardiff, 
pe 


743 62.3 12.0 
13.7 7.0 
9.0 8.0 


> 


3.4 8.0 


11.3 65.0 


tions who, although suffering a serious hazard, are 
not sufficiently numerous to provide suitable popula- 
tions for statistical study. Our dust measurements 
have therefore been confined to the coal faces at the 
collieries we have studied; they have all been made 
with the thermal precipitator and are expressed as 
particles per milliliter between 0.5 and 5 #. Dust for 
chemical analysis has been collected on Soxhlet 
thimble filters. Our main difficulty in measuring 
dust exposures is that the disease we measure is the 
product of dust inhaled in the past, while we meas- 
ure dust in the present. We therefore have to study 
the history of the mines and decide in what way 
dust concentrations have varied in the past. We 
cannot do this with any pretense of accuracy over 
a longer period than the past 10 years, and even 
these estimates contain a large element of guess- 
work. We have therefore confined our attention to 
this period and multiplied our actual dust meas- 
urements by the appropriate “historical factor” to 
make them as representative as we can of the real 
dust coal-face 


exposure of workers during this 


period. 

Populations Studied—Various populations have 
been used in the past for epidemiological studies of 
miners. Some authors have studied miners attending 
hospital. The highly selected nature of such popu- 
lations needs no emphasis, and I would not mention 
them had not been 
drawn by some authors from such populations.!2 


epidemiological conclusions 
Others, especially French and German authors, have 
attempted to draw conclusions from applicants for, 
and recipients of, compensation. You will have 
noticed that I have already drawn preliminary con- 
clusions concerning the prevalence of pneumoconi- 
osis in Great Britain from such figures, but they 
may be seriously misleading because of the unpre- 
dictable factors by which men select themselves to 
join the certified population. 

The ideal population for study would be all the 
men who had ever worked at any period in a given 
mine or district, but clearly this is an unattainable 
ideal. We have chosen to examine the complete 
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working population of selected collieries. In order 
to study the effect of inhalation of coal dust at these 
different collieries, we have to select from the in- 
dustrial histories those whom we call “10-year pure 
face workers.” These are men whose only significant 
dust exposure has been at the coal face at the same 
colliery during the 10 years immediately preceding 
the survey. For study of the effect of tuberculous 
infectivity on pneumoconiosis (as given later), Dr. 
Cochrane has also surveyed the complete adult popu- 
lation of one mining community. Table 1 illustrates 
the effect on the prevalence of the disease among 
the population chosen for study. The great dispari- 
ties shown between the prevalence and severity of 
pneumoconiosis in these different populations (all 
of whom were derived from the same area) em- 
phasize how important is the choice of population 
in epidemiological work. Our epidemiological tech- 
nique is summarized in Figure 3. 

Selection of Mines—The mines we have studied 
have fallen into the following groups: 

(a) Anthracite mines already surveyed by Hart 
and Aslett. We reread the x-ray films taken in 1938 
and used the dust measurements taken at that time 
(Mines A 1, A 2, A 3). 


(b) One steam coal colliery in South Wales in 
the center of one of the highest incidence areas, 
which has been surveyed three times (Mines C 1, 
C2; 

(c) English bituminous mines from which very 
few cases had been certified but in which dust con- 
centrations were reputed to be high. These mines 
were chosen as representing an apparent extreme 
example of disparity between dust exposure and 
disease incidence (Mines J, L). 

(d) A Welsh anthracite mine with a low inci- 
dence of disease (Mine I). 

(e) Three mines lying in one particular valley in 
South Wales, where special measures were taken to 
isolate all infectious cases of tuberculosis, and four 
mines in a neighboring valley, where no special anti- 
tuberculous measures were taken. In the first valley 


Fig. 3—Scheme of organization of field surveys 
to relate dust measurements to incidence of pneumo- 
coniosis. 
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EPIDEMIOLOGICAL STUDIES Ol 
TABLE 2.—Percentage of Defined 
Population at Twelve British 
X-Rayed During P.R.U. 


Underground 
Collieries 


Surveys 


Defined Underground Population 
Total No % 
Colliery No X-Rayed X-Rayed 
100.0 
3) 


adult population was x-rayed 
By. 
Volunteer Response. 


entages of the 


Tab'e 2 shows 
underground population x-rayed at 
these various mines. It will be seen that with two 
exceptions we have succeeded in x-raying over 98% 
4 the populations. The great importance of ensur- 
ing this high response rate is shown by the finding 
that at the two collieries C 1 and J, at 
100% response, the lapse 


which we 


tailed to get a rate was 


re 


$ § 3 8 


3.38 38 


Fig. 4—Prevalence of pneumoconiosis among 
miners working underground at 12 British collieries. 
White columns, normal; diagonally hatched col- 
umns, Category 1; vertically hatched columns, 
Category 2; hatched columns, Category 3; 
solid columns, progressive massive fibrosis 


cross 


onsiderably affected by age, being greatest in the 


youngest and oldest age groups, so that the ex 
imined population was not a random sample. Sec- 
mdly, Cochrane has shown that the prevalence of 
lisease is different in the last volunteers to come 
forward compared with that in the first volun- 
teers.!3 If only 60% of the population was examined 
(a figure seldom exceeded in routine mass roent- 
genographic observed 


surveys), the prevalence 


might differ considerably from the true prevalence 


VWINERS’ PNEUMOCONIOSIS 


RESULTS 

Figure 4 shows the prevalence of the vari- 
ous categories of pneumoconiosis in the 
underground populations of 12 mines. There 
are great variations in prevalence, but we 
cannot make fair comparisons between dif- 


ferent collieries on the basis of these crude 


Prevalence of (Cate 
n among miners working under 
British collieries analyzed according t 
1 spent working underground, and 
spent working on the surface. 


pneumoconiosis 
more) 
id at 12 


ige, years years 


COAL Face 


UNDERGROUND 


PERCENTAGE OF PNEUM 


‘é 
YEARS ON COAL FACE /UNDERGROYND 


prevalence figures because of their differing 


age distribution and difference in occupa- 
tional histories. 

Figure 5 gives the combined results from 
all those collieries analyzed to show the 


prevalence of roentgenological pneumoconio- 


sis (Category 1 or more) according to age, 


years worked underground, and years worked 


Fig. 6.—Relation between dust dosage (obtained 
by multiplying estimated annual average dust con- 
centrations by the number of years to which each 
man had been exposed to them) and proportion of 
men showing Category 1 or more simple pneumo- 
coniosis in Welsh mines (continuous line) and 
English mines (dotted line). 
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on the coal face. There is a good relation- 
ship to age up to 50; thereafter the curve 
flattens out, presumably because at about 
this age men tend to leave the more arduous 
(which are also the most dusty) occupa- 
and those who work 
longest in these occupations tend to leave 
the colliery or die because they have pneumo- 
coniosis. The curve for years underground 
shows a similar flattening in the upper age 
group. The curve for years on the coal face 
shows a steady increase with time, suggesting 
that it is this work which is chiefly respon- 
sible for producing the disease. 


tions, also because 


For contrasting the effects of exposure 
to different kinds of coal dust, we have, as 
I have said, to confine our attention to “10- 
year pure face workers.” We cannot compare 
the results from different collieries simply in 
terms of the crude percentage of these men 
who are affected by pneumoconiosis, for the 
periods of exposure within the groups vary 
considerably from colliery to colliery. To 
overcome this difficulty, my colleague, Mr. 
S. A. Roach, has calculated for each man his 
total dust dosage in terms of particle-years ; 
that is to say, the dust concentrations to 
which he has been exposed (in terms of par- 
ticles per milliliter ) multiplied by the number 
of years for which he has been exposed to 
them. We then group the men according to 
their dust exposures and find the percentage 
in each group affected by pneumoconiosis. 

Figure 6 gives the results for such an 
analysis for the findings at the Welsh anthra- 
cite and steam coal pits (solid lines) and at 
the two English bituminous coal pits (dotted 
lines). The dust dosage groups and the per- 
centages of men with Category 1 or more 
simple pneumoconiosis in each group are 
shown by the stepped curves, and the smooth 
curves have been fitted to these data by least 
squares. It appears that there is a marked 
difference between dust dosage and develop- 
ment of pneumoconiosis at the two groups of 
mines, and if this were so, we should have 
to conclude that the two types of coal dust 
have different effects. Although this con- 
clusion would be concordant with previous 
views on the relative pathogenicity of hard 
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and soft coal dusts, it is difficult to reconcile 
with the pathological similarity of coal pneu- 
moconiosis resulting from the two types of 
dust (as described below), and it could not 
be accepted without very careful scrutiny of 
the evidence. The weakest point in the evi- 
dence is that the figures for dust dosage are 
based upon what can be only rough estimates 
of the dust concentrations prevailing in the 
10 years before our dust measurements, dur- 
ing which time we know there have been 
considerable changes. We therefore recon- 
sidered the evidence upon which these esti- 
mates had been made and, after recalcula- 
tion in the light of fresh information, found 
that many of them had to be changed. Using 
these fresh estimates, we found that the 
difference between the two curves was much 


TABLE 


3.—Percentage Composition of Coal Dusts 


Two 
Low-Incidence 
Five English 
High-Incidence Mines, % 
Welsh 
Constituents Mines, % J K 
ch 6.3-15.4 25.0 10.4 
3.3- 6.3 8.3 3.2 
0.1- 2.1 14 0.7 
0.4- 1.0 3.6 1.7 
2.4- 3.8 4.6 1.7 
Volatile matter.......... 5.0-14.5 35.0 31.0 


less, so that we cannot conclude from our 
different kinds of coal dust 
have different effects. 


evidence that 
To show whether or 
not this is so, it will be necessary to make 
contemporaneous appropriate measurements 
of dust concentrations '° and of roentgeno- 
logical abnormalities in the future. An in- 
vestigation of this kind at 20 mines scattered 
throughout Great Britain is now being started 
by the National Coal Board in collaboration 
with the Unit. 
The curves in Figure 6 are given to illustrate 
the type of analysis that will be used in this 
investigation. 


Pneumoconiosis Research 


If a difference in the effects of different 
coal dusts in producing pneumoconiosis were 
found, it would be natural to look for an 
explanation in the chemical composition of 
the dusts. Table 3 gives a comparison of the 
compositions of air-borne coal dusts collected 
at the Welsh and English mines in terms 
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of major components. It will be seen that the 
only important difference appears to lie in 
the volatile content of the coals. The free 
silica content of the mines 
falls within the range observed in the high- 
incidence mines. If we multiply the dust 
dosages of the men by the free silica content 


low-incidence 


of the dusts to which they have been ex- 
posed ¢ and then plot the relationship between 
roentgenological abnormality and silica dos- 
age, the relationship is irregular and is not 
of the smooth sigmoid character shown in 
Figure 6, which suggests that the total dust 
exposure is more important than the free 
silica exposure in producing roentgenological 
abnormality. (The results of this analysis 
will be published elsewhere. ) 

Heppleston ** has emphasized that the 
pathological picture in the lungs of coal 
miners who have worked in many different 
kinds of coal mines is remarkably uniform. 
If some coal dusts were more fibrogenic 
in the lung than others, we would expect 
to find more fibrosis in relation to the amount 
of dust in the lung in cases coming from 
anthracite than in cases coming from bitumi- 
nous coal mines. We have not yet carried 
out any strict quantitative studies of this 
question, but qualitatively there does not 
appear to be any Thus, 
if there is a different relationship between 


great difference. 
dust exposure and disease incidence in the 
English and Welsh mines, it would presum- 
ably have to be explained by differences in 
inhalability of the dusts or by differences in 
the ease with which they are removed from 
the lung by phagocytes. We cannot expect 
to solve these problems on the basis of our 
present rather crude data, and we must wait 
for the results of future investigations. 
Meanwhile, we can ask whether our fig- 
ures throw any light on the question of “safe 
dust limits.” Since we are uncertain about 
the precision of our dust measurements, we 


can derive only a rough indication (and 


t+ These estimates have been made on dust sam- 
ples which were not restricted to the respirable 
size range. Some more recent estimates made on 
respirable dust do not differ greatly from estimates 
made on the whole dust. 


COAL 


MINERS’ PNEUMOCONIOSIS 

because of this inprecision I have omitted 
the actual figures of dust exposure from 
Figure 6) ; we cannot even be sure that one 
level” of 


“safe dust concentrations 
will be appropriate to coal dusts of all kinds, 


but our results throw considerable doubt on 


single 


the wisdom of basing safe dust levels on the 
free silica content of dusts. 
“TWO-DISEASE’ HYPOTHESIS 

| have already referred in my paper on 
roentgenological classification to the distinc- 
tion we draw between simple pneumoconiosis 
and complicated pneumoconiosis with its 
(P.M.F.). I 
wish now to consider the evidence that there 


progressive massive fibrosis 


are, in fact, two separate disease processes 
responsible for these two forms of the dis- 
ease and to consider the evidence that tuber- 
culosis is responsible for P.M.F. 

The pathological evidence for this hypoth- 
esis has been fully discussed by Gough 
and Heppleston.§ In coal pneumoconiosis, 
the fibrous reaction to the dust which collects 
and deposits at the divisions of the respira- 
tory bronchioles is at first sight and may 
remain so. There is usually no more than 
reticulin fibrosis, although in more mature 
nodules irregular collagenous fibrosis may 
develop, but it does not assume the regular 
concentric form characteristic of silicosis. 

Dense collagenous fibrosis occurs in coal 
miners’ lungs in two forms. One is due to the 
development of classical silicosis in miners 
who are exposed to large amounts of rock 
dust as well as to some coal dust. In such 
cases the pathology is identical with that of 
classical silicosis, and chemical analysis of 
the lungs shows a high silica content.* The 
second type of collagenous fibrosis arises in 
described as “infective 


what Gough has 


nodules,” which usually appear first in the 
upper parts of the lung and have a tendency 
to coalesce into large areas of massive fibrosis 
in the center of which liquefaction is common. 
Tubercle bacilli and characteristic histologi- 
cal signs of tuberculosis may be found in 
about 40% 


of cases of massive fibrosis a 


§ References 14 and 17. 


or) 


necropsy, although the fibrosis is exces- 
sive. In the remaining 60%, although tu- 
bercle bacilli cannot be found, there is a 
similar form of eosinophilic necrosis. Histo- 
logically, it is difficult to distinguish between 
cases of massive fibrosis in which tubercle 
bacilli can be found and those in which they 
cannot be found. Belt and Ferris '* suggested 
that the local agent responsible for the initia- 
tion of this fibrotic process might be a modi- 
fied tuberculosis, and Gough and Heppleston 
have strongly supported this hypothesis. 
They suggest that those lesions in which 
tubercle bacilli cannot be found are healed 
scars of a formerly active infection. 
German and Swiss authors || have sug- 
gested that, while some of these massive 
lesions may be tuberculous, the majority are 
a special manifestation of uncomplicated sili- 
cotic fibrosis. If this were so, we should ex- 
pect to find a higher silica content in lungs 
with than in those with 
simple pneumoconiosis. This we do not find,{ 


massive fibrosis 
and it is hard to conceive that silica could 
be preferentially deposited in the upper parts 
of the lung where massive fibrosis usually 
begins, as 


would be this 


necessary on 
hypothesis. 

Our epidemiological studies of this ques- 
tion have been of three kinds: first, by roent- 
genological reexamination of men who had 
been x-rayed up to 10 or more years pre- 
viously '®; secondly, by follow-up surveys 
of colliery populations,** and, lastly, by a 
special community survey carried out by Dr. 
Cochrane in collaboration with the Welsh 
Regional Hospital Board.?* Dr. Cochrane’s 
plan was to attempt to discover and _ iso- 
late as many of the open cases of tuber- 
culosis as possible in a mining community 
with a high prevalence of simple pneumo- 
coniosis, to establish that tuberculous in- 
fectivity had thus been reduced by serial 
Mantoux testing of school children, and then 
to observe whether the attack rate of massive 
fibrosis was reduced in comparison with a 


|| References 19 and 20. 


{ King, E. J., and Nagelschmidt, G.: Personal 
communication to the author. 
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neighboring control area. He chose for his 
experiment an isolated mining valley in 
South Wales, the Rhondda Fach, with a 
total population of just under 30,000. The 
children, women, and nonminers in the valley 
were x-rayed on 35 mm. film by the Regional 
Hospital and the and 


Joard, miners 


ex- 
miners on large film by our own mobile 
unit. With the help of the Trades Union, by 
general propaganda and by an extensive pro 
gram of home visits, nearly 90% of the 
population was x-rayed. 

From these epidemiological studies we 
have reached the following conclusions : 

1. The importance of the distinction be- 
tween simple pneumoconiosis and P.M.F. is 


confirmed by our roentgenological follow- 


TABLE 4.—Annual Attack Rate of P.M.F. in Under 
ground Population at Colliery C According to 
Category of Simple Pneumocontosts at 


Time of Follow-Up 


(Interval of Two and One-Half Years) 
Category of Total Population Annual 
Simple Underground Developing Attack 
Pneumo- Popuiation, -M.F. Rate, 
econiosis No. No. % 
1 123 0 0 
2 81 4 2.0 
3 80 6 3.0 


up.'® We find that cases of simple pneumo- 
coniosis only progress as such under con- 
tinued dust exposure. After removal from 
dust exposure, the generalized opacities show 
no increase in number or size. On the other 
hand, whether or not dust exposure is con- 
tinued, the attack rate of massive fibrosis in 
cases of simple pneumoconiosis and the pro- 
gression rate of established cases of massive 
fibrosis are the same. This strongly suggests 
that some other agent than dust is responsible 
for the initiation and development of massive 
fibrosis. In their early stages the shadows 
closely resemble reinfection-type tuberculosis 
in both position and morphology, although 
they often have distinctive features which 
may enable them to be distinguished from 
typical unmodified tuberculosis.# 


# References 23 and 24. 
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2. The category of simple pneumoconiosis 
has an important influence on the attack rate 
».M.F. We 
. appear on a background of less 
2 


of tuberculosis and of | 
seen P.M.F 
than Category 


have not 
and 
it probably appears more frequently in cases 
with Category 3 than in those with 


simple pneumoconiosis, 
Category 


100 
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developed P.M.F., while 2% of Category 2 


and 3% of Category 3 cases had deveolped 
P.M.F. in This 


suggestive but not significant. 


the interval. difference is 


Figure 7 shows for all the miners and ex- 
miners in the Rhondda Fach the prevalence 


of sputum-positive tuberculosis (including 


< 
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> 
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: 
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fe) 1 2 3&UR 
CATEGORY OF SIMPLE PNEUMOCONIOSIS 
Fig. 7—Prevalence of roentgenological evidence of tuberculosis and progressive massive fibrosis among 
6,026 miners and exminers in one Welsh mining valley (Rhondda Fach) analyzed by category of 
simple pneumoconiosis. 
2. Table 4 gives figures derived from acom- cases of P.M.F.), healed inactive tubercu- 
plete follow-up of the underground popula- _ losis, and clinically significant * tuberculosis 
tion of a steam coal colliery in the Rhondda and P.M.F. (these have been combined be- 


Valley (Colliery C) after 


and one-half years, classified according to the 


an interval of two 


category of simple pneumoconiosis in the 
at the of 
the Category 


taken 


None 


roentgenogram time the 


follow-up. of l 


cases 


* Clinically 
that 


significant implies that the shadow 


is one cannot be confidently described as in- 


active, so that its presence would in ordinary prac- 
tice require that the patient be kept under clinical 
supervision. 


PROGRESSIVE MASSIVE FIBROSIS CASES 
‘CLINICALLY SIGNIFICANT CASES 
|| 


cause of the great difficulty in many cases of 
distinguishing unmodified tuberculosis and 
P.M.F. in the presence of simple pneumo- 
coniosis ). 

These prevalences are given according to 
the category of simple pneumoconiosis, the 
figures in each group having been standard- 
ized for age. Compared with those without 
any roentgenological evidence of pneumo- 
coniosis (Category 0), those with Category 
1 simple pneumoconiosis show nearly twice 
as much 


rather less 


clinically significant tuberculosis (there is 


inactive tuberculosis, 


no P.M.F. in this group), and very much 
less open tuberculosis. Cases with Categories 
2 and 3 show a steep rise to nearly 50% in 
the prevalence of clinically significant tuber- 
culosis and P.M.F. and a slight rise to just 
below 1% in the number of infectious cases 
together with a fall in the number of inactive 
cases. 

These findings can be explained by sup- 
posing that the presence of a small amount 
of pneumoconiosis (Category 1) exerts a 
favorable influence on the development of 
tuberculosis. Although the attack rate may 
be increased, since the total prevalence of 
tuberculous shadows is higher in Category 1 
than in Category 0, the majority of these 
cases are inactive; active cases are rare, and 
open cases very rare. We might postulate 
with Mann ** that the dust in some way en- 
courages fibrosis and discourages caseation 
and spread of tuberculosis. As the dust in the 
lungs increases, the attack rate and thus the 
prevalence of tuberculous infection increases, 
and in an increasing proportion the fibrosis 
becomes excessive to form P.M.F. That this 
rise in prevalence is attributable chiefly to an 
increased attack rate is shown by the figures 
in Table 4. The attack rate of P.M.F. and 
clinically significant tuberculosis in these 
cases of Category 2 and Category 3 simple 
pneumoconiosis is far greater than the attack 
rate of tuberculosis in general nonmining 
adult men.*° 

The rise in prevalence of open tubercu- 
losis (Fig. 7) as P.M.F. appears is inter- 
esting. A small number (not more than 1% ) 
of cases of P.M.F. have a positive sputum 
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and with it a very grave prognosis. \Ve have 
no explanation for this escape of tuberculosis 
from its “fibrous prison” (to use Leroy 
Gardner’s phrase). It tends to occur in later 
life, when mortality from tuberculosis in all 
the 
falling mortality for women of this age.* 


men shows a rise that contrasts with 
Perhaps it is due to some change in resistance 
of the host. 

Some further support for the hypothesis 
that P.M.F. is due to modified tuberculosis 
has been derived by Dr. Cochrane from a 
comparison of tuberculous mortality rates 


from two mining areas, one (The Rhondda) 


Urban District and Whitehaven Councils 
MALES Peres 
— 
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Fig. 8—Age-specific male and female mortality 
rates from tuberculosis in Whitehaven, a mining 
borough in England with a low incidence of pneu- 
moconiosis, and the Rhondda Valley, a mining area 
in South Wales with a high incidence of pneumo- 
coniosis. In the lower curves deaths from pneu 
moconiosis in the Rhondda have been added to the 
male tuberculous mortality figures. 

— Whitehaven 
Rhondda 


where there is a high prevalence of pneumo- 
coniosis and the other (Whitehaven) where 
there is very little pneumoconiosis. The eco- 
nomic circumstances of these areas were very 
similar over the period concerned, and the 
female age-specific mortality rates are almost 
identical, but the male mortality rates show 
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a marked deficiency in the older age groups 
in the Rhondda (Fig. 8). However, if the 
mortality from pneumoconiosis in the Rhond- 
da (nearly all of which is attributable to 
massive fibrosis) is added to the tuberculous 
mortality, the approximates fairly 
closely the Whitehaven curve. This suggests 
that a number of men in the Rhondda who 
would have died of tuberculosis had there 


curve 


been no pneumoconiosis are, in the presence 
of pneumoconiosis, dying from massive fi- 
brosis. It is also interesting to note that 
tuberculous mortality has always been lower 
among miners than among all occupied and 
retired men in Great Britain.* On our hy- 
pothesis this may, in part at least, be due to 
the favorable influence of early coal pneumo 
coniosis on tuberculous infection. 

At present our hypothesis that massive 
fibrosis is a modified form of tuberculosis 
remains attractive but unproved, but the 
future follow-up in the Rhondda Fach should 
provide definitive answers to our problem. 
109 
persons with open tuberculosis living in the 


3efore the scheme started there were 
valley; as a result of the scheme there are 
now only 38, and these persons are being 
kept under close supervision by a health visi- 
tor who instructs them in sputum control. 
If in the resurvey that Dr. Cochrane plans 
next year (1953) and in subsequent years 
a fall in the Mantoux positive rate in the 
school children can be demonstrated and if 
at the same time there is a fall in the attack 
rate of massive fibrosis among cases of simple 
pneumoconiosis, we shall have convincing 
further evidence that massive fibrosis is in- 
deed a form of tuberculosis. 

As Dr. 


morrow, the chief cause of disability in pneu- 


Hugh-Jones will show you to- 


moconiosis is massive fibrosis. Death rates 
from all causes among the x-rayed miners 
and exminers in the Rhondda Fach within 
the first year after the survey suggest that 
cases of simple pneumoconiosis have the 
same mortality rate as all men in England 
and Wales, while there is an increased mor- 
tality rate among cases of massive fibrosis. 
Thus, in order to prevent disability and death 
from pneumoconiosis, the most important 


COAL 
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aim is to prevent massive fibrosis. There are 
three lines of attack available. 

1. The engineers must reduce dust con- 
centrations to levels in which men will be 
able to work for long periods without devel- 
oping simple pneumoconiosis. The efficiency 
of dust prevention must be controlled by con- 
tinuous dust sampling by appropriate meth- 
ods at the men’s working places. 

2. Miners should have periodic x-ray ex- 
aminations. This would provide the only 
ultimate test of the efficiency of dust pre- 
vention. Where dust prevention was not 
successful, men showing early signs of pneu- 
moconiosis (Category 1) would be detected 
and could be advised to work in less dusty 
places so that they would not progress to 
Category 2 with its attendant risk of massive 
fibrosis. 

Fach 


the Rhondda 


survey that the attack rate of massive fibrosis 


3. If it is shown in 
can be reduced by strict control of tubercu- 
lous infection in the community, such control 
should be extended to all mining communities 
where simple pneumoconiosis is prevalent. 
By a combination of these three measures 
dust prevention, periodic examination, and 
tuberculosis control—we would be able to 
ensure that our miners are in future com- 
pletely protected against the present serious 
consequences of 


coal-dust inhalation. 


SUMMARY 

Nearly 40,000 cases of pneumoconiosis 
have been certified among coal miners in 
Great Britain during the past 20 years. The 
prevalence of the disease is much higher in 
anthracite and South 


Wales than in bituminous mines in the rest 


steam coal mines in 


of the country. An account is given of roent- 
genological and dust surveys carried out by 
the Unit of the 
Medical Research Council, designed to elu- 


Pneumoconiosis Research 
cidate the varying incidence of the disease 
and to determine “safe” dust concentrations. 

Preliminary results show a _ relationship 
between dust exposure and the proportion of 
men with simple pneumoconiosis. They sug- 
gest that there may be a different response 
to the inhalation of different kinds of coal 
dust, but estimates of miners’ dust exposure 
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in the past are too inaccurate to enable any 
final conclusion to be drawn on this question 
or to give any precise indication of “safe” 
dust concentrations. Future surveys, using 
the techniques that are described, should 
enable both questions to be answered. 

Pathological evidence is against there 
being a different response to different coal 
dusts, because the type of reaction to the dust 
is similar in lungs from miners from many 
different coal fields. 

There does not appear to be any relation 
between the free silica content of air-borne 
coal dusts and the incidence of pneumoco- 
niosis. 

Evidence for the hypothesis that two fac- 
tors—dust and infection—are 
concerned in the development of coal pneu- 


tuberculous 


moconiosis is reviewed. Further epidemiolog- 
ical evidence in support of this “two-disease” 
hypothesis is presented. 

The disabling consequences of coal miners’ 
pneumoconiosis could be prevented by dust 
suppression, periodic x-ray examinations of 
miners, and strict control of tuberculosis in 
mining communities. 
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PERSONNEL PROTECTION 


W. D. NORWOOD, M.D., Richland, Wash. 


HE IMPORTANCE of health and 


safety in the atomic industry is brought 


into sharp focus by the recent atomic tests 
in the Pacific. The power of the conventional 
atomic bomb is dwarfed by the unthinkable 
destructiveness of the hydrogen bomb. Even 
a city the size of Houston could be effectively 
destroyed by a single H-bomb explosion, we 
are told. The expanding range of this bomb 
makes it desirable that all of us, including 
our children, have some knowledge of radia- 
tion protection. 

Then, too, more and more people each 
year are working with radiation, and they 
also require a knowledge of the hazards 
involved and the methods of protection. We 
are all too familiar with the cancers of the 
sarly radiologists and radium workers. The 
excellent health and safety record of the 
whole atomic energy program indicates that 
we have profited greatly by the sad experi- 
ences of the past. 

I should like to outline briefly the methods 
which are used to protect and maintain em- 
ployee health at an atomic project and the 
benefits to employees, management, and the 
general public which are a result of these 
methods. 

At Hanford, as elsewhere, the basic ele- 
ments in occupational health service are (1) 
organizational and administrative, (2) pre- 
ventive and constructive medicine, (3) in- 
dustrial hygiene, (4) health education, (5) 
occupational medical education and research, 
(6) medical care, and (7) workmen’s com- 
pensation and rehabilitation. 


Read at the Seventh Annual Industrial Health 
Conference, Houston, Texas, Sept. 23, 1954. 

Manager of Health and Safety Section, Hanford 
Atomic Products Operation, General Electric Com- 
pany. 
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Owing to the nature of the program at 
Hanford, an eighth factor, radiation protec- 
tion, receives tremendous emphasis. It is 
this phase that I want to emphasize. 

The General Electric Company directs 
the mammoth Hanford Atomic Products 
Operation and operates the city of Richland, 
Wash., for the Atomic Energy Commission. 
At Hanford some 9,000 men and women 
produce plutonium—a basic ingredient of the 
atom bomb. 


Private industry, the Government, and 
universities throughout the country are work- 
ing to develop programs whereby more and 
more fissionable materials and isotopes may 
be used for medicine, power, and other peace- 
ful purposes. 

Waste heat atomic will 
shortly be used for the first time in the 


from reactors 
United States to heat large buildings at 
Hanford. 

Large quantities of radioactive materials 
have been processed at Hanford during the 
last 10 years. During this period there has 
not been a single injury due to radiation at 
the project, and Hanford is justly proud of 
this record. Such a record could be achieved 
only through the continued efforts of many 
persons—health physicists, engineers, chem- 
ists, physicians, technicians, craftsmen—in 
fact, everyone from the general manager to 
the janitor. The radiological science depart- 
ment, under the direction of H. M. Parker, 
is charged with over-all responsibility for 
radiological safety, but every employee shares 
in this job. 

Manufacturing facilities must be designed 
and built so that the intricate processing of 
radioactive materials may be accomplished 
without excessive exposure of employees to 
external or internal radiation. The release 
of liquid, gaseous, and solid radioactive 
wastes must be well planned, carefully exe- 
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cuted, and continually monitored to provide 
necessary protection for employees and the 
public. 

Suilding isolation and ventilation, stack 
heights, remote control apparatus, holding 
tanks, shielding, fixed and mobile radiation 
monitoring equipment, and weather observa- 
tion facilities are but a few of the safety 
items which require the finest in specialized 
engineering skill in order that a plant such 
as the Hanford Atomic Products Operation 
may be continually operated with safety to 
employees and the general public year after 
year. 

The National 
Protection recommends that certain minimal 


Committee of Radiation 
precautions be taken in the handling of 
Handbook 52, 
by the National Bureau of Standards, en- 
titled 
Radioisotopes in the Human Body and Maxi- 


radioactive materials. issued 


“Maximum Permissible Amounts of 
mum Permissible Concentrations in Air and 


Water,” 


which are believed to be the best available 


contains these recommendations, 
opinions on the subject. Handbook 41, en- 
titled “Medical X-Ray Protection up to Two 
Million Volts,” 


mum total dose to which any part of the body 


recommends that the maxi- 


of a person shall be permitted to be exposed 
continuously or intermittently in a given 
time be 300 milliroentgens (mr) per week. 
At Hanford there is potential radiation ex- 
posure to gamma, beta, and alpha rays and 
the 


these 


neutrons. One must evaluate relative 


biological effectiveness of radiations 
in terms of x-rays at the site of interest, 
since different types of radiation have varying 
damaging effects and organs have varying 
sensitivity to different types of radiation. 
Many waste fission products as well as 
uranium and plutonium are handled here 
Plutonium itself, the final product, must be 
processed with extreme care, because it has 
a very long half-life, may be ingested, in- 
haled, or absorbed through abraded skin, and 
is rapidly deposited in bone, where it remains 


indefinitely, as does radium. The presently 


accepted maximum permissible amount of 
plutonium in the body is 0.04 we or 0.6 y. 
This amount of plutonium would have 84,000 
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disintegrations per minute and so could be 
readily detected by an appropriate counter. 
Likewise, the presence of much smaller quan- 
tities in the body may be detected by check- 
ing the radioactivity eliminated in the urine. 

With such dangers existing, every effort 
must be made to evaluate the hazards and 
give proper protection to employees and to 
the public. 

A large amount of fundamental and applied 
research is in progress at universities, in 
A. E. C. laboratories, and in other installa- 
tions to try to determine the mechanism by 
which injury is produced by radiation, the 
treatment of radiation illness, and the mode 
of entry, and elimination of 
radioactive materials from the body. 


metabolism, 


At this project biological research, under 
the direction of Dr. H. A. Kornberg, is aimed 
at evaluating the effects of radioactive iodine 
on farm animals, studying the effect of dilute 
mixtures of waste radioactive isotopes upon 
fish and other river organisms, the metab- 
olism of radioactive materials in the body, 
as well as many allied problems aimed at 
evaluating and controlling the hazards pecul- 
iar to this plant. 

So far I have limited our discussion to the 
problem of supplying and maintaining health- 
ful environmental conditions. Let us now 
consider the employee. 

The new employee receives a complete 
health evaluation, including medical history, 
with particular emphasis on previous expo- 
sure to radiation, physical examination, vision 
and hearing tests, blood count and test for 
syphilis, chest x-ray, and, when indicated, 
other special examinations. Particular atten- 
tion is directed toward detecting physical 
and personality characteristics which may be 
important in placing the new employee in 
a job which he can do effectively, with safety 
to himself and his fellow employees. Exam- 
ination results are discussed with the new 
worker in an effort to help him in securing 
any necessary correction, where possible, by 
seeing his family physician or in working 
safely with those disabilities not amenable 
to correction. His physical abilities are re- 
ported to the personnel office. In cases of 
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severe physical or emotional problems, the 
question of job adjustment is discussed with 
the personnel office and supervisor. 

The annual medical examination is a repe- 
tition of the preplacement examination. How- 
ever, greater emphasis is placed on counsel- 
ing, especially the younger employees, on 
emotional problems, since these often affect 
the work, safety, and absentee record. Addi- 
tional special examinations are made periodi- 
cally or on specific occasions when employees 
are potentially exposed to radiation, chemi- 
cals, noise, or other particular hazards. 

Health and safety meetings feature lec- 
tures, 
Plant individual contacts 
offer excellent opportunity for continued 


films, pamphlets, and _ discussions. 


newspapers and 
education of the worker in health and safety 
matters. While group training is good, the 
most effective safety measure is continual, 
on-the-job personalized safety training by the 
foreman. Monthly discussions of health and 
safety topics in group meetings of employees 
are sponsored by appropriate health and 
safety committees, which represent all seg- 
ments of the working force. The day-to-day 
contact of the industrial nurse and physician 


with employees offers an excellent oppor- 
tunity to sell the elements of healthful living 


and to demonstrate to employees that man- 
agement is really interested in their individual 
health problems. 

Prepaid group life and health and accident 
insurance covers sickness and injuries not 
occupational in origin. This is paid for partly 
by General Electric and partly by the em- 
ployee and is carried by more than 99% of 
our employees and 90% of their dependents. 
Studies indicate that the admission rate to 
our local hospital is one-third greater than 
that of comparable hospitals in the state and 
that the average hospital stay is one-third 
less. The earlier use of the hospital has 
resulted in quicker cures and earlier return 
to work. 

Fixed instruments record radiation at 
places of work, while each employee wears 
ionization chambers to secure daily records 
and film badges for longer records of individ- 
ual exposure to radiation. Hazardous work 
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is done only under the direction of a special 
work permit, which outlines in detail all 
precautions to be taken. 

Time limits for special workers in areas 
where exposure to external radiation cannot 
be avoided are set so that the permissible 
daily exposure is not exceeded. If the work 
involves potential exposure to radioactive 
particulate matter by inhalation, ingestion, or 
absorption through the skin, protective cloth- 
ing and any necessary respiratory protective 
equipment are specified. Clothing poten- 
tially contaminated with radioactive material 
is carefully monitored and then given appro- 
priate laundry treatment. If the contamina- 
tion is too great, the clothing is sacrificed. 
Hands and shoes are checked for radioactive 
material by appropriately located counter 
stations. Radioactive materials are removed 
from the skin by washing or by the use of 
special decontaminating agents on the rare 
occasions when the skin is accidentally con- 
taminated. Employees with cuts or abraded 
skin are not allowed to work in areas of 
potential exposure to long-life radioactive 
material which is capable of absorption 
through cuts or abrasions. 

During a single year more than 3,000,000 
personal radiation metering devices are worn 
by employees working in areas of potential 
exposure. These are routinely read and de- 
veloped to indicate the amount of external 
radiation each employee has received. It is 
gratifying that during 1953 the average ex- 
posure was 0.35 rads. One rad represents the 
energy absorption from any ionizing radia- 
tion of 100 ergs per gram in any material. 
A person is exposed to about six times this 
much radiation to the chest when he has a 
4+ by 5 in. roentgenogram of the chest. 

While this discussion emphasizes safety 
in handling radiation, other phases of safety 
are given appropriate emphasis and have 
resulted in the plant receiving the highest 
award of the National Safety Council for 
the last five consecutive years 
the potential hazards. 


in spite of 


Safety and health, of course, go hand in 
hand, and it is not surprising that Richland, 
which houses the workers and the families 
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of the atomic energy workers, enjoys a health 
record which we believe is unexcelled. 

The Health and Safety Section operates 
the industrial medical and safety program, 
the community hospital, and the public health 
work, and this closely integrated program. 
together with private practice featuring spe- 
cialty and general practice, has definitely con- 
tributed to the good health record of the 
community. The over-all health program is 
discussed in an article which appeared in the 
Journal of the {merican Medical lssociation 
for Jan. 2, 1954, entitled “Community Health 
Planning.” The following Tables 1 and 2 
indicate that the mortality rate in Richland 
for the five-year period 1948-1952, inclusive, 
is only about two-thirds that of the nation, 
after correcting for age and racial differences. 
The figures in these two Tables differ some- 


what from those used in the previous article, 


TABLE 1.—Richland Five-Year Expe 


Richland expected death rate per 1,000 population. 
Richland actual death rate per 1,000 population.. 


TABLE 2.—Richland Five-Year Specific 
Rate National Rate, 


Age Death 


and 1950 


Richland 
Five-Year 
Rate 
per 1,000 
Population 


National 
Rate, 1950, 
per 1,000 
Population 
(White) 
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Age Group, Yr. 
Under 1 
15-24 
25-34. 
35-44..... 
45-54..... 


5D-64 


as we now have more current figures to 
correct for allocation of deaths by legal resi- 
dence rather than by place of death. 


Senefits of a program of personnel pro- 
tection and health maintenance, such as 
have described, accrue to employee and man- 
agement alike and to the general public, as 
indicated by the following summary of bene- 
fits : 

(1) Improved employee and community health 


and protection of the public in the general 
area 
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(2) Improved employee morale and well-being 
Low incidence of occupational disease 
Low accident frequency and severity 
Reduced compensation costs 
Favorable sickness absentee rates 

labor 


Low turnover rate 


Improved employee production—as a 
of Items 1 to 7. 


result 


1. I have discussed improved employee 
health and improved community health as 
indicated by low mortality rates. Protection 
of employees and the public in the area of 
this atomic installation has also been covered. 
It is of interest to compare the mortality of 
our employees in the age groups of 18-65 
with nonemployees in the same age groups 
in Richland. The ratio of employee death 
rate to nonemployee death rate is 0.95. While 
this suggests that employee health in Rich- 
land is slightly better than the health of 


cted Death Rate and Actual Death Rate 


Five-Year 


1950 Average 


1.3 4.2 
2.7 2.5 5 2.8 


nonemployees, the health of the nonemployees 
is much better than expected, the death rate 
being only 66% of the national rate after 
correction for differences. 
Since most of the nonemployee group is com- 


age and racial 
posed of the wives and children of our em- 
ployees, it would appear that the health and 
safety lessons learned by the employees are 
passed on to the whole family and result in 
a marked improvement in community health. 
General Electric as a 


corporate citizen is 


proud of its contribution to community 
health. I am sure that the industries in the 
Southwest are likewise making a very real 
contribution to the good over-all community 
health in that area. Industry is likewise 
cognizant of the contribution of the family 
physician, the Public Health program, the 
hospitals, the medical schools, and the many 
voluntary health agencies to the health of 
the employee and his family. The industrial 
medical and the community health program 


complement and supplement each other, and 
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148 1949 
cous 1.3 11 
1.4 
65+... 43.5 66.2 


much is to be gained by a cooperative integra- 
tion of these efforts. 

2. While morale is difficult to measure, 
recent employee attitude surveys by outside 
consultants have indicated excellent morale 
at this project. This confirms a study of the 
National 
some 3,600 member companies with more 
than 3,000,000 employees, which indicated 


Association of Manufacturers of 


that 86% felt that health programs helped 
improve employer-employee relations. It goes 
without saying that the employee of today, 
who is physically sounder and emotionally 
better adjusted, enjoys a fuller life than the 
worker of 20 years ago. Certainly a good 
medical program can contribute much to our 
human relations program, which has lagged 
far behind our technological advances. 

3. There have been no cases of injury due 
to radiation at this operation, though large 
quantities of radioactive materials are proc- 
essed each day. Other occupational injuries 
have been minimal. 

4. The average major injury frequency 
rate for the past five years has been 0.65, 
while that for the chemical industry, with 


which we are classed by the National Safety 
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Council, was 5.33. The average major injury 
severity rate was 0.06, while that for the 
chemical industry was 0.71. 

5. With few accidents, workmen’s com- 
pensation costs are low, of course. There 
have been no suits which have arisen out 
of claims of injury to off-plant persons or 
animals from alleged exposure to wastes 
emanating from the Hanford works. 

6. The days lost annually per male em- 
ployee due to sickness over a six-year period 
have been 3.9, as compared with 8 for the 
nation, while the sick-day loss by female 
employees has been 7.4, as compared with 
12 for the nation. Since employees at this 
project with one or more years of service 
are paid for a total up to 20 days annually 
of excused absence due to sickness, the actual 
savings in salary due to the lower sickness 
absentee rate is sufficient to pay the entire 
cost of the industrial medical program, which 
is about $50 per employee. 

7. The average monthly employee separa- 
tion rate for 1953 was 1.36%, as compared 
with 2.17% in the chemical and allied indus- 
tries and with 4.37% for all manufacturing. 

8. All the above factors contribute to in- 
creased employee production. 


PRETEST OF FORMS AND FIELD TECHNIQUES FOR USE 
IN THE DETROIT-WINDSOR AIR-POLLUTION STUDY 


A. F. W. PEART, M.D., Toronto, Canada; C. P. 
ANDERSON, M.D., Detroit; A. RABSON, M.D., Ann 
Arbor, Mich., and W. L. McEWEN, B.S.A., Ottawa, 
Ont., Canada 


T IS NOT the purpose of this paper to 
review the background and objectives of 

the over-all Detroit-Windsor air-pollution 
investigation. Much has already been written 
about various aspects of this investigation in 
previous papers.* 

Suffice it to say that since 1949 a group of 
the and health 
fields, representing various levels of Govern- 
ment in both Canada and the United States, 
have been developing plans for a comprehen- 


experts in environmental 


sive investigation to determine the effect of 
air pollution on almost every aspect of com- 
munity life. The over-all survey is being 
conducted under the auspices of the Inter- 
national Joint Commission of Canada and 
the United States. 

It is the intention of this paper to review 
briefly the purpose and plan for the health 
aspect of this investigation and to devote 
most of the space allotted in describing the 
pretest of forms and techniques which were 
designed for the health study. 

It should be emphasized at the beginning 
that the planning, preparation, and direction 
of the study have been a cooperative effort 
on the part of those responsible for the in- 
vestigation in Canada and the United States. 

Assistant Secretary, Canadian Medical Associa- 
tion (Dr. Peart); Deputy Commissioner, Medical 
Services, City of Detroit Department of Health 
(Dr. Anderson) ; University of Michigan School of 
Public Health (Dr. Rabson), and Technical Officer, 
Epidemiology Division, of National 
Health and Welfare (Mr. McEwen). 

Dr. formerly Chief, Epidemiology 
Division, Department of National Health and Wel- 
fare, and contributed to the study in that capacity 


Department 


Peart was 


* References 1 to 7. 


It is also of note that the health study is in 
effect one large survey embracing areas in 
both the United States and Canada. 

Although environmental investigations 
have been in progress in Detroit and Wind- 
sor since 1949, plans for the health study 
were developed about two years later and 
reached maturity in the fall of 1952, when a 
small field staff was employed to prepare 
materials and develop procedures for the 
study. 

OBJECTIVES 

Briefly, the initial objective of the health 
study is to measure the incidence of symp- 
toms and sicknesses which occur among 
persons exposed to various levels of pollu- 
tion in the study area. 

It is well known that air pollution can 
death. 
amply demonstrated in well-known smog 


cause sickness and This has been 
disasters which have occurred in the past 
(Donora, Pa., 1948; England, 


1952). It is not the purpose of this investiga- 


London, 


tion therefore to determine whether air pol- 
lution causes ill health. 

The main purpose for the health study is 
rather to further define the degree to which 
different levels of pollution are injurious and 
eventually to determine the relative toxicity 
of various substances and compounds in the 
atmosphere. 

From such basic studies, eventually it 
may be possible to establish permissible levels 
for specific pollutants, exposures above which 
are considered harmful and below which are 
safe for human health. 

STUDY METHOD 

As a logical start in this relatively unex- 
plored field of air pollution, we believed it 
wise to begin by making general comparisons 
of sicknesses and symptoms between areas 
having high- and low-average pollution levels. 
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For the main health study, therefore, we 
have. selected two similar districts in the 
city of Detroit and one in Windsor which 
are known to have high-average pollution 
levels. The same number of districts having 
low-average pollution levels were selected 
in the same cities. Two additional localities 
located 40 miles east of Windsor which have 
little or no pollution were also included in 
the study for further comparison. House- 
holds in all areas were matched as far as 
possible for similar socioeconomic and en- 
vironmental characteristics. The study was 
planned to include approximately 500 house- 
holds in Detroit and 600 on the Canadian 
side. 

3ut sicknesses which might be caused by 
air pollution are not ordinarily reported to 
any official agency, nor do they generally 
require the service of a physician. It was 
therefore necessary to establish some system 
for collecting morbidity data of this type on 
a regular basis. 

The obvious way of collecting such data 
is the use of a sickness-survey approach, 
whereby trained enumerators visit a number 
of households at regular intervals to collect 
data on the sickness experience of persons 
in these households. 

Because of the complexity of the problem 
and the difficulty of separating sicknesses 
caused by air pollution from similar condi- 
tions resulting from other causes, we recog- 
nized that we must give careful attention to 
various questions, forms, and techniques 
which might be used for the collection of 
sickness data. In other words, we must try 
out and test various procedures and forms 
before undertaking a full-scale study. It was 
therefore agreed that it would be time well 
spent to conduct a pretest of forms and tech- 


niques before embarking on the main study. 


This practice, of course, is a normal pro- 
cedure in any experimental work. 

After a period of four months’ prepara- 
tion, the field trial of forms and techniques 
got under way on Feb. 2, 1953, and con- 
tinued until April 1, 1953, a period of two 
months. 
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Selection of Forms.—Three types of in- 
formation were considered necessary for the 
study: (1) basic family and environmental 
data; (2) a current sicknesses 
among individuals in high- and low-pollution 
areas, and (3) a record of the state of health 
of the population prior to the study as a 
point of departure for recording current 
sickness. 


record of 


The pretest then was designed to test 
forms relating to the three types of required 
information mentioned above. 

A Household Record Card similar to the 
cards commonly used in industrial and public- 
health practice was prepared (see Form 1). 
This included age, sex, occupation, and 
other personal data, as well as environmental 
and economic status, and offered no great 
problem in its preparation. 

The collection of sickness data, however, 
required more experimentation, 
ferent methods 


Two dit- 
tested. One used a 
case-history approach, sometimes called a 


were 


probing technique, whereby a systematic ac- 
count of the onset and entire illness through- 
out its duration was recorded. The second 
approach employed an entry and checking 
method. Space was provided on a question- 
naire so that symptoms of selected illnesses 
could be readily checked by the enumerator, 
whereas other information pertaining to date 
of onset and medical care was written in on 
the form (see Form 2). The first approach 
was too time consuming both for the enumer- 
ator and for the household informant. The 
latter provided essential information within 
a reasonable length of interview and was 
found to be satisfactory. 

To provide a record of the individual 
health status of those participating in the 
study, Individual Health Questionnaires “A” 
and “B” were prepared, containing 78 ques- 
tions (see Form 3). These questionnaires 
were developed as a modification of the Cor- 
nell Medical Index, which in its complete 
form contains 195 objective questions relat- 
ing to various systems of the body. These 
questions can be answered yes or no. By 
this method it is possible to elicit those sys- 
tems which are giving the person the most 
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disability in terms of symptoms. This health 
index has been used successfully by some 
hospitals in their outpatient clinics as an 
adjunct to case-history taking. 

For our purpose, we used only the ques- 
tions referring to the systems which we 
thought would be most affected by air pollu- 
tion, based on reports from smog disasters. 
These included questions relating to the re- 
spiratory tract, the digestive system, and the 
conditions of the skin. We were rather fear- 
ful, however, that the questionnaire would be 
too long and would discourage cooperation. 

Pretest —Approximately 70 households in 
Windsor and 50 in Detroit were selected at 
random in districts adjoining those areas 
chosen for the main study. Enumerators were 
carefully selected and received a short but 
intensive training in visiting and recording 
techniques. Then, with no advance notice, 
the households were visited on Feb. 2, 1953; 
the purpose of the study was explained ; and 
entries were made on appropriate survey 
forms. Subsequent visits were made to these 
households at regular intervals for a period 
of two months. As it was also desirable to 
learn the optimum period between visits, 
some enumerators visited at intervals of one 
week, some every two weeks, and others at 
three-week intervals. In this way we were 
able to determine the optimum period be- 
tween visits which would not be a nuisance 
to the family and which would still not over- 
tax the memory of the household informant. 

The field directors and supervisors also 
visited a number of families to learn first- 
hand the limitation of the questionnaires and 
the problems of enumeration. We have always 
insisted that the directing or supervising 
staff should visit a representative number of 
families, as they are responsible for checking 
the work of enumerators and should be aware 
of deficiencies in the forms and problems of 
enumeration. They should also be more pro- 
ficient at the art of enumeration than their 
enumerators. 

The use of calendars as an aid to the re- 
cording of sickness data has always been a 
controversial subject. The purpose of the 
calendar is to provide space for each day of 
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the week or the month in which the house- 
hold informant can record more accurately 
symptoms, dates of onset, and duration of 
illness, thereby increasing the reliability of 
the collected data. 

Two types of calendars were tested. One 
used a coding system for recording different 
symptoms and the number of days ill. This 
method was rather cumbersome. The other 
calendar contained a large square for each 
day of the month. The informant was ex- 
pected to write dates of symptoms for mem- 
bers of the household in the appropriate 
squares. The latter more simple method was 
finally adopted. 

Evaluation—When the pretest was near- 
ing completion, it was necessary to consider a 
systematic method for evaluating the results 
of the trial. Although we were obliged to 
base the evaluation of forms and techniques 
on the opinion of enumerators as a result of 
their two months’ experience in visiting 
households, a plan was adopted for stand- 
ardizing their opinions as far as possible. 

Two evaluation questionnaires were pre- 
pared as follows: (a) a General Evaluation 
Form, which provided information concern- 
ing the general reaction of both informant 
and enumerator to the study, and (>) a 
Specific Evaluation Form, which related to 
each of the forms tested and which requested 
the reaction of informants and enumerators 
to individual questions. Each enumerator was 
asked to complete both types of question- 
naire (Form 4). 

Evaluation 
Form, enumerators were asked to indicate 


In completing the General 
the response of the household informants to 
the study—their cooperation, interest, and 
any adverse comments that had been received 
in connection with the study. The general 
form also provided space for the enumerator 
to indicate what he or she thought was the 
best time to visit households during the day, 
the optimum interval between visits, and any 
suggestions or “tricks of the trade” they 
might have developed for contacting families 
or maintaining interest in the pretest. 

The second evaluation questionnaire re- 
corded the reaction of household informants 
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to each form tested, their ability to under- 
stand the meaning of questions, and their 
willingness to answer them. Any objections 
to questions were similarly noted. The reac- 
tion of the enumerator to the length of the 
form, the adequacy of space for different 
questions, and any ambiguity of questions 
were also recorded. In addition, enumerators 
were asked to state briefly their understand- 
ing of the purpose of each form used in the 
study. 

Some may think this latter request was 
rather paradoxical, particularly as enumer- 
ators had presumably been trained for their 
work. However, from past experience we 
have found it advisable periodically to ask 
enumerators to explain the purpose of the 
forms and the procedures they are using. In 
this way we may learn how adequate our 
training program has been and whether the 
enumerator has forgotten the significance of 
what he or she is doing. 

It has been our experience that both enu- 
merators and householders forget the pur- 
pose and importance of the study in which 
they are participating and have to be fre- 
quently reminded. Refresher courses are 
often required for enumerators. If an enu- 
merator is thoroughly familiar with the pur- 
pose of the study and the value of the ques- 
tionnaire forms, he or she will be more likely 
to obtain and maintain the cooperation of 
his household informants. Much depends on 


the enumerator for the success of the study. 


RESULTS 

The results of the pretest were quite en- 
couraging. Household received 
enumerators and cooperated with them better 
than had been expected in view of the lack 
of publicity 


informants 


and previous announcement 
about this study. Informants seemed to under- 
stand the questions, and the response was 
generally good, although some were reluc- 
tant to complete the long Individual Health 
Questionnaires and objected to some ques- 
tions, particularly those relating to income 
and education. 

The reaction of enumerators to the forms 


was also satisfactory. However, a few 
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thought the Individual Health Questionnaires 
were too long. insufficient 
space was provided on individual sickness 


In some cases 


records to enable the enumerator to answer 
questions. In other instances enumerators 
did not fully understand the purpose of the 
questions they were asking or the forms they 
were completing. 

There was much diversity of opinion con 
cerning the best time to visit households. This 
was complicated by the fact that in a number 
of instances no one was at home during the 
day and visits had to be made at night. For 
the most part, it was agreed that either morn- 
ings or afternoons were satisfactory, except 
Monday morning (wash day), and that it 
was preferable to make appointments before 
visiting. 

The number of Individual Health Ques 
tionnaires completed by informants varied 
considerably, depending on the enumerator 
However, the response to this form during 
the major study which followed the pretest 
was 100%. 

The use of calendars also varied, depend- 
ing on circumstances in the household, work 
habits of the informant, and encouragement 
by the enumerator. It has been our experi- 
ence that informants are usually inconsistent 
in their work habits, as a family will use a 
calendar one month and possibly not the next. 
For the most part, however, conscientious 
informants will use a calendar more than half 
the time. 

It was the general consensus that a two- 
week interval was probably the optimum in- 
When enumerators 
visited at weekly intervals, the informant 
seemed somewhat surprised, if not annoyed, 
that the enumerator had returned so soon 
after the previous visit. At intervals of three 
weeks there was doubt that the informant 
could recall much detail about individual sick- 
nesses; so it was agreed that enumerators 
would visit households at two-week intervals 
for the main study. 


terval between visits. 


SUM MARY 

The objectives of the health study of the 
Detroit-Windsor air-pollution investigation 
have been briefly described. 
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The plan for the health study includes a 
comprehensive investigation to measure the 
degree to which varying levels of pollution 
cause ill health. 

FORM 3 


H.B, To be filled out 
by people 16 years 
of age and over. 


Household No. 
Family No. 


Individual No. 


Cirele if you are: Single Married 
Widowed 


Divorced 


answer YES to the question esked, put # circle around the 
"Yes" 
to answer NO to the question esked, put « circle srou 
the 


tions. you are not sure, GUgSS. 


Do you frequeatly suffer 
from heavy chest 


colds Yes 


When you ca 


teh cold, do 
u always have to go t 


Do you get bay fever? Yes } 


The above cross section of the Individual Health 
Questionnaire “A” represents the types of questions 
which were asked relating to the respiratory and 
digestive systems and diseases of the skin. A simi- 
lar Individual Health Questionnaire “B” was used 
for persons under 16 years of age. 


FORM 4 


ERA 


a) Degree of interest and 


bd) Publieity. (Hed t 
meane? 
UMERATOR'S REACTION: - 
° are there any 
ch was volunteered 


ar week intervals 


c) Unwillingnes: 
and describe 


WUMERATOR'S PEACT 


The ultimate purpose of the study is to 
determine maximum permissible levels for 
chemical compounds in the air, which are not 
injurious to human health. 

A pretest of forms and techniques, includ- 
ing 70 families in Windsor and 50 in Detroit, 
has been described. The test was planned in 
the fall of 1952 and was conducted for a period 
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of two months between Feb. 2 and April 1, 
1953. 

The informants, 
even to lengthy questionnaires and personal 


response of household 
questions, was quite gratifying. However, 
a little advance publicity and an introductory 
letter to the householder would have assisted 
the enumerator in making initial contact with 
the household informant. 

A few questions pertaining to income and 
years of school training offended a few per- 
sons and should probably be left until the end 
of the study. 

There was some evidence that the enumer- 
ator training program was inadequate in 
some respects, as enumerators did not fully 
understand the objectives of the study and 
the purpose of the forms. 

We consider that the time and the effort 
spent in a pretest of forms and field tech- 
niques are amply justified, whether or not 
any serious shortcomings are detected. If de- 
ficiencies in methodology are found, these 
can be corrected, which would save time and 
effort in the main study. If nothing of any 
consequence is determined by the pretest, 
there is the satisfaction of knowing that the 
approach is more likely to succeed. 
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: 16. Do frequent colds keep you 
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QUESTIONS ASKED CN THS ZVALUA 
A enera) Svaluation 
es the survey genera 
8 it better to vis t wo, thr a 
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STUDIES ON THE TOXICITY AND MECHANISM OF ACTION OF DIPTEREX 


KENNETH P. DuBOIS, Ph.D., and GLADYS J. 
COTTER, B.A., Chicago 


research on organic 


— phos- 
phorus-containing insecticides has been 
directed toward the development of com 
pounds with high insecticidal activity and 
low mammalian toxicity. In this connection 
most of the attention thus far has been given 
to the thionophosphate class of compounds, 
with the resultant introduction of chloro- 
thion and malathion into use as agricultural 
insecticides. Previous studies in this labora 
tory ' indicated that the low toxicity * of 
these compounds to mammals is due to a 
combination — of including 


factors, poor 


absorption and low anticholin- 


Within 


months a new organic phosphate, O,O-di- 


relatively 


esterase activity in vivo. recent 


methyl - 1-hydroxy-2,2,2-trichloroethylphos- 
phonate (dipterex; L 13/59), was demon 
strated to be highly effective for the control 
of houseflies and has been recommended for 
use in dairy barns and other areas outside 
the home.+ This compound has the follow- 
ing chemical structure : 


CH30 


~CHOHCCI, 
CH,0~ 8 


Information on the toxicity and pharma- 


cologic actions of this new insecticide is 


essential for the evaluation of the 


potential health hazards associated with its 


proper 


practical use. The present report contains 
the results of the initial studies on the toxi- 
cology and mechanism of action of dipterex. 


From the Department of Uni- 


versity of Chicago. 


Pharmacology, 


This investigation was supported by a research 
grant (G-3349 C2) from the Division of Research 
Grants of the National Institutes of Health, United 
States Public Health Service. 

* References 1 to 4. 


+ References 5 and 6. 


The results of this 


strated that this insecticide has a relatively 


investigation demon 


low mammalian toxicity and exerts an anti- 


cholinesterase action in vitro and_ vivo. 
I-vidence was obtained which indicates that 
rapid detoxification of dipterex is at least 
partially responsible for its low toxicity to 
mammals. 
EXPERIMENTAL PROCEDURES 


I: 
Oo 


Sprague-Dawley rats (200 to 250 gm.), male and 


xicity measurements male and _ female 


female Carworth mice (about 20 adult 


guinea pigs of mixed sexes were employed. The 


gm.), and 
animals were housed in air-conditioned laboratories 
at 68 to 70 F. Rockland 
Rat Diet, and guinea pigs received Rockland Rabbit 
Pellets 

\queous 


Rats and mice were fed 


with cabbage and carro 


solutions of the 


supplemented 
compound were 
throughout the investigation. 

Che dipterex used for these experiments was syn- 
thesized in the laboratory of Dr. Gerhard Schrader, 
Farbenfabriken-Bayer, Leverkusen, Germany. The 
purity of the samples than 99% 


was greater 


Dipterex is a white crystalline with a 
specific gravity of 1.73, a melting point of 81 C. 
and a boiling point of 91 C. at a pressure of 0.05 
mm. Hg. The volatility of the compound is 1.13 
ng. per cubic meter at 20 C. and 5.1 mg. per cubic 


meter at 35 C 


pow de 


It is soluble in water and organic 
ethanol, petroleum 
ether, ether, and carbon tetrachloride. Dipterex is 


solvents, including methanol, 
stable in aqueous solutions for long periods of time 
and is stable in acid but unstable in alkaline media 


Cholinesterase measurements were performed 
manometrically by the method of DuBois and Man 
gun.? Tissues from female rats were used for the 
The test 


M acetylcholine chloride, serum ot 


cholinesterase assay. system contained 

ce. of 0.1 
tissue homogenate, and enough calcium-free Ringer- 
bicarbonate buffer to make a final volume of 3 cc 
The tissues were homogenized in the buffer, and 
50 mg. of brain, 100 mg. of submaxillary gland, 
and 200 mg. of serum were employed for the assays. 
For the in vitro experiments dipterex was dissolved 
buffer and added to the 
cholinesterase test system in place of an equivalent 
quantity of buffer. After the Warburg flasks were 


4 


5 minutes with 95% 


in Ringer-bicarbonate 


gassed for nitrogen and 5% 


carbon dioxide and equilibrated for 5 minutes, the 


5.5 


acetylcholine was tipped from the side arms into 
the main compartments of the vessels, and readings 
were taken at 5-minute intervals for 30 minutes. 


RESULTS 

The acute toxicity of dipterex was meas- 
ured by administering aqueous solutions of 
the compound intraperitoneally to rats, mice, 
and guinea pigs and orally-to rats. The ani- 
mals were observed for 10 days, although 
death or apparent complete recovery always 
occurred within 1 day after single doses of 
this compound. The approximate L.D.s5o 
values were estimated from the mortality 
data by the log probability method. The re- 
sults of these measurements are shown in 
Table 1. These data indicate that the toxic- 
ity of dipterex to mammals is low as com- 


TABLE 1.—Acute Toxicity of Dipterex to Rats, 
Mice, and Guinea Pigs 


Approx. 
L.D.s0, 
Mg./Kg. 


Intraperitoneal 3¢ 225 


Route of 


Animals, 
Administration 


Species 
Oral 450 
Intraperitoneal 


Intraperitoneal 


pared * with most other alkyl 
which exhibit high insecticidal activity. A 
twofold between the oral and 
intraperitoneal L.D.59 values for the com- 


phosphates 


difference 


pound was observed. Mice and guinea pigs 


were about twice as resistant as rats to the 
acute toxic action of dipterex. Since species 
variations in susceptibility of mammals to 
the toxic effects of the organic phosphorus- 
containing insecticides are generally small, 
it seems likely that the toxicity of dipterex 
to man and domestic animals would also be 
relatively low. 

Toxic doses of dipterex caused the ap- 
pearance of symptoms in rats and mice with- 
in 10 minutes after intraperitoneal adminis- 
tration, and death or recovery occurred with- 
in a few hours. Symptoms began with scat- 
tered muscular fibrillations and body twitch- 
ings which were followed by salivation, 
lacrimation, defecation, and urination. After 
lethal doses the severity of the symptoms in- 
34 
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creased, and tonic and clonic convulsions, 
prostration, and cessation of respiration oc- 
curred. Respiratory failure always preceded 
cardiac arrest. Thus, the symptoms produced 
by dipterex resembled those which result 
from the central 
nervous system, the parasympathetic nerv- 


excessive stimulation of 
ous system, and somatic motor nerves, in- 
dicating that the compound gains access to 
both the central and the peripheral nervous 
system and thereby produces the nicotinic 
and the muscarinic actions of acetylcholine. 
The rapid onset of symptoms demonstrated 
that dipterex is rapidly absorbed from the 
peritoneal cavity, and the extremely rapid 
recovery of animals after sublethal doses sug- 
gested that the compound is detoxified at a 
faster rate than most other cholinergic or- 
ganic phosphates. 

In view of the cholinergic action of dip- 
terex, it was expected that atropine would 
antidote the muscarinic actions and lethality 
of this compound. To ascertain the maximal 
effectiveness of atropine as an antidote for 
dipterex, mice were pretreated with 100 mg. 
per kilogram of atropine sulfate administered 
intraperitoneally, and groups, each contain- 
ing five animals, were then given various 
doses of dipterex from 500 to 2,000 mg. per 
kilogram. No mortality was observed among 
atropine-treated mice which received 1,500 
mg. per kilogram and lower doses of dipter- 
ex, but atropine did not prevent mortality 
from 2,000 mg. per kilogram of the insecti- 
cide. The results of this experiment demon- 
strated that about 
three L.D.59 doses of dipterex in mice under 


atropine counteracts 
experimental conditions designed to meas- 
ure the maximum effect of atropine. 

From the standpoint of the practical use 
of dipterex as an insecticide, it was impor- 
tant to ascertain whether frequent exposure 
to the agent would cause subacute poisoning. 
An experiment was therefore conducted in 
which three groups, each containing five rats, 
were given 50, 100, and 150 mg. per kilo- 
gram of the insecticide daily by the intraperi- 
toneal route. The results of this experiment 
are shown in Table 2. It was observed that 
rats can tolerate daily doses of 50 mg. pet 


Rats 
Mice 
Guinea pigs...... 
27 300 
= = 
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kilogram for at least 60 days, but higher 
doses of dipterex produced mortality during 
the period of treatment. It was apparent from 
the results of these tests that frequent repeat- 
ed exposures to dipterex can produce sub- 
acute poisoning. However, it was necessary 
to administer high fractions of the acute 
L..D.59 dose repeatedly to cause mortality in 
rats. The symptoms preceding death in ani- 
mals which received repeated doses of dip- 
terex were identical with those observed in 
acutely poisoned animals. 

The symptoms produced by dipterex in- 
dicated that this compound exerts a cholin- 
ergic action in mammals. It thus appeared 
that the mechanism of the toxic action of 
TABLE 2.—Cumulative Toxic Action of Dipte 

in Rats 


Days After First 
Injection 


Mortality, 


5-10 10-30 
Mortality 


0 0 


this compound was the same as that of other 


and was 
explainable on the basis of an anticholines- 


insecticidal organic phosphates 


terase action. However, factors such as the 
short duration of action of the compound, 
its low toxicity to mammals, and the devia- 
tion from the chemical structures common 
to other alkyl phosphates made it particu- 
larly interesting to examine the effects of 
this compound on cholinesterase. To ascer- 


tain the anticholinesterase activity of dip 


terex in vitro, various concentrations of the 
compound were added to a cholinesterase 
test system containing homogenates of brain, 
submaxillary gland, or serum. The inclusion 
of brain and serum in these tests permitted 
a comparison of the effect of the compound 
on specific and nonspecific cholinesterases, 
since the enzyme activity of brain is almost 
entirely the true or specific type, while that 
of serum is nonspecific or pseudocholinester- 
ase. As shown by the data in Chart 1, a 


ACTION OF 
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straight line relationship between the amount 
of inhibition and the logarithm of the in- 
hibitor concentration was obtained when 
concentrations of dipterex 
tween 20 and 80% 
terase activity were used. A final concentra- 
10° M dipterex produced 50% 


inhibition of brain cholinesterase. The cho- 


producing be- 
inhibition of cholines- 


tion of 2 


linesterases of serum, submaxillary gland, 
and brain were equally susceptible to the 
inhibitory action of dipterex in vitro. Thus, 
any quantitative differences in the action of 
the compound on the cholinesterase activity 
of various tissues in vivo must be attributed 
to uneven distribution, differences in metab- 
olism, or variations in the rate of dissocia- 
tion of the enzyme-inhibitor combination. 

A sensitive, quantitative method for meas- 
urement of dipterex would be useful for the 
detection of food contamination by this in- 
secticide. Since no sufficiently sensitive chem- 
ical method of analysis for this compound 
is yet available, we explored the possibility 
of using the inhibitory action of dipterex on 
cholinesterase as a bioassay procedure. All 
that the 
effects of dipterex are due to its anticholin- 


available evidence indicates toxic 
esterase action and that the original com- 
pound rather than a metabolite is the physio- 
logically active material. In addition, dip- 
terex is stable in aqueous solutions for long 
periods of time, and the level of the com 
pound found in a food sample by the bioas- 
say method might therefore be expected 
to approximate closely the amount of origi- 
nal contamination. This assay procedure was 
tested by adding milk contaminated with 
dipterex to a cholinesterase test system con- 
taining 0.5 cc. of 10% rat brain homogenate 
as the source of the enzyme, 0.3 cc. of 0.1 M 
acetylcholine as the substrate, the milk sam- 
ple, and enough Ringer-bicarbonate buffer 
to make a final volume of 3 cc. A milk sample 
of 1 ce. or less replaced an equivalent amount 
of buffer in the test system. From the amount 
the 
contaminated milk sample, it was possible 


of inhibition of brain cholinesterase by 
to calculate the concentration of dipterex in 
the sample by using the data in Chart 1, 
provided that the amount of inhibition fell 


SS 


Mg. per Kg 
50 0 0 0 0 
10) 0 1 1 0 9/5 4( 
150 0 0 1 3/5 100 


% OF CONTROL, ACTIVITY 


i 
5- 
NEG. DIPTEREX CONC. 


Chart 1.—Inhibitory action of dipterex on brain 
cholinesterase in vitro. The negative logarithm of 
the dipterex concentration is plotted against the per 
cent of control brain cholinesterase activity. 


within the appropriate range. When the milk 
samples contained quantities of dipterex be- 
tween 0.75 and 3 ppm, the analytical values 
obtained by adding 1 cc. samples to the test 
system were within 15% of the actual quan- 
tities present. The analysis of samples con- 
taining more than 3 ppm of dipterex was 
accomplished by diluting the samples. It was 
the 
method to permit estimation of quantities of 


necessary to devise a modification of 
dipterex below 0.75 ppm, since a volume of 
l cc. was the maximum quantity which 
could be added to the cholinesterase test sys- 
tem. This was accomplished by making use 
of the solubility of dipterex in chloroform. 
For the development of this modification, 
standard solutions of dipterex were extract- 
ed from neutral, acidic, and basic solutions 
with equal volumes of chloroform. An ali- 
quot of the chloroform layer was analyzed 
by evaporating the chloroform, dissolving 
the residue in a small quantity of Ringer- 
bicarbonate buffer, and adding it to the cho- 
linesterase distribution of 
dipterex between the aqueous and chloro- 


system. Equal 
form layers was obtained when neutral or 
acidic solutions were extracted, but the com- 
pound could not be extracted by chloroform 
from basic solutions. Chloroform extraction 
and subsequent evaporation of the chloro- 
form permitted a tenfold concentration of 
the dipterex originally present in a sample. 
This bioassay procedure for measuring dip- 
terex is also suitable for foods other than 
milk and for determining the concentrations 
of the free compound in blood and urine 
from poisoned animals. 
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To ascertain the effect of dipterex on the 
cholinesterase activity of animal tissues in 
vivo, rats were given 25, 50, or 125 mg. per 
kilogram of the compound intraperitoneally. 
Groups each containing three rats were 
killed at 15, 30, and 60 minutes and there- 
after at hourly intervals for the first five 
hours after poisoning. Cholinesterase meas- 
urements were made on brain, serum, and 
submaxillary glands. The results of the assays 
on brain are shown in Chart 2. The values 
for serum and submaxillary glands are not 
expressed graphically, since the percentage 
inhibition of enzyme activity in these tissues 
was almost identical with the values obtained 
for brain. These measurements demonstrat- 
ed that the intraperitoneal administration of 
125 mg. per kilogram of dipterex produced 
a marked decrease in the cholinesterase ac 
tivity of all the tissues to levels which were 
10 and 15% 15 min 
utes after poisoning, but the inhibitory effect 


between of normal at 


was of short duration. the in- 


hibition became evident at 30 minutes after 


Reversal of 


this dose of the insecticide, and at five hours 
the enzyme activity of the tissues had _ re- 
turned to about 80% of After a 


single dose of 50 mg. per kilogram of dipter 


normal. 


ex, the cholinesterase activity of brain, sub 
maxillary gland, and serum was inhibited 
69, 67, and 84%, 


after poisoning. At two hours after poise yn- 


respectively, at 15 minutes 


ing only 30 to 40% inhibition of the enzyme 
activity of the three tissues was noted. Thus, 
the pattern with respect to cholinesterase 
inhibition was the same when single doses 


Chart 2.—Extent and duration of inhibition of 
brain cholinesterase after intraperitoneal adminis- 
tration of various doses of dipterex to rats. Curve 
A, 25 mg. per kilogram; Curve B, 50 mg. per kilo 
gram; Curve C, 125 mg. per kilogram. 
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of either 50 or 125 mg. per kilogram of dip 
terex were given. However, with the small 
er dose the initial inhibition was less and the 
return of enzyme activity to normal levels 
was faster. The dependence of the extent 
and duration of inhibition of cholinesterase 
upon the dose of the compound was further 
demonstrated by experiments in which rat. 
were given a single dose of 25 mg. per kilo 
gram of the compound. Maximal depression 
of cholinesterase activity occurred at 15 
minutes after poisoning, at which time the 
enzyme activity of brain, submaxillary gland, 
and serum was inhibited to the extent of 47, 
49, and 64%, respectively. At one hour after 
poisoning the enzyme activity of the three 
tissues was less than 25% indi- 
the effects of this 
dose of dipterex in vivo. Dipterex produces 


inhibited, 
cating rapid reversal of 


an irreversible inhibition of cholinesterase in 
vitro, as evidenced by failure of dialysis to 
restore the enzyme activity after incubation 
of the compound with serum. However, it 
was apparent from the results of assays on 
tissues from poisoned animals that some 
mechanism is operative in the intact animal 
to cause rapid dissociation of the enzyme- 
inhibitor combination. The short duration of 
the sublethal 
doses of the compound is consistent with the 


anticholinesterase action of 
rapid disappearance of symptoms in pot- 
soned animals. 

Rapid reversal of the inhibitory action of 
dipterex on cholinesterase in vivo provides 
an explanation for the short duration of 
symptoms and may be partially responsible 
for its low toxicity to mammals. However, it 
seemed probable that dipterex was also rap- 
idly detoxified or excreted, since persistence 
in the tissues of a compound with high anti- 
cholinesterase activity would be expected to 
result in prolonged inhibition of cholines- 
terase activity. To obtain an indication of 
the persistence of dipterex in the tissues of 
poisoned animals, measurements of the blood 
levels of the compound were made at inter- 
vals after various doses of the compound. 
The assays were performed by the cholines- 
terase method described above, using 0.1 and 
0.3 cc. of undiluted serum and 0.3 cc. of 
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serial tenfold dilutions of serum. Several di- 
lutions of serum were tested to obtain an 
amount of inhibition of the brain cholines- 
terase system which would permit use of the 
data in Chart 1 for calculating the serum con- 
centration of the insecticide. The results of 
these measurements are shown in Chart 3, 
which indicates that the serum level of dip- 
decreases 
sublethal 
doses of the compound. The highest concen- 


terex reaches a maximum and 


rapidly after administration of 
tration of the compound was noted at five 
minutes after injection. Assuming equal dis- 
tribution throughout the tissues, the theoret- 
ical concentration in the serum 
would be 75, 100, and 150 y per cubic centi- 
100, and 150 mg. per kilo- 
gram, respectively, of dipterex. The actual 


maximum 
meter after 75, 


values at five minutes after injection were 
56, 75, and 115 y of dipterex per cubic 
centimeter of serum. The rate of decrease of 
the serum level was extremely rapid and was 
dependent upon the dose of the insecticide. 
Thus at 15 minutes after administration of 
75 mg. per kilogram and at one hour after 
150 mg. per kilogram, the serum contained 
essentially no free dipterex. Analysis of liver 
taken from animals at 15 minutes after ad- 


ministration of 75 mg. per kilogram of dip- 


terex revealed no detectable amount of the 
compound in this organ. These measure- 
ments demonstrated that dipterex is rapidly 
metabolized or excreted by rats. 

To ascertain whether the disappearance of 
dipterex from the blood was due to rapid 
excretion or metabolism of the compound to 
inactive products, measurements of the uri- 
nary excretion of the compound were con- 
ducted. For these measurements, groups 
each containing three rats were given 25, 50, 
75, 100, or 150 mg. per kilogram of dipterex 
intraperitoneally, and daily urine samples 
were collected. The urine was diluted to 50 
cc., and 0.1 and 0.3 cc. samples were added 
to a cholinesterase test system containing 
brain as the source of the enzyme. Normal 
urine samples did not affect brain cholin- 
esterase activity. From the amount of inhi- 
bition of enzyme activity, the concentration 
of the compound in the urine was calculated, 


i 


using the data shown in Chart 1. Between 
1 and 3% of each of the injected doses were 
excreted in the urine in the unchanged form 
during the first 24 hours after administration. 
No measurable quantity was excreted during 
subsequent 24-hour periods. These analyses, 
together with the serum measurements, indi- 
cated that dipterex is rapidly metabolized 
in animal tissues and excreted in an inactive 
form. 

In view of the rapid reversibility of the 
effect of single doses of dipterex on cholin- 
esterase and its rapid metabolism in vivo, 
it seemed likely that subacute poisoning re- 
sulted only when recovery of the enzyme 
activity did not occur between successive 
doses of the compound. To obtain informa- 
tion on the cholinesterase levels of the tissues 
after repeated doses of dipterex, doses of 50 
and 100 mg. per kilogram of the compound 
were given daily to rats, and groups each 
containing three rats were killed at frequent 
intervals for cholinesterase measurements on 
brain, serum, and submaxillary glands. The 
assays were always performed 24 hours after 
the last dose of the compound. The results 
of measurements 


on and serum are 


shown in Chart 4. After repeated doses of 


brain 


50 mg. per kilogram per day, there occurred 
a progressive decrease in the enzyme activity 
of the tissues to 50 to 75% of normal during 
the first 5 days, and the enzyme activity 
remained at this level throughout 60 days 
\fter daily doses of 100 mg. 


per kilogram of dipterex, the enzyme activity 


of treatment. 


Chart 3—Rate of disappearance of dipterex 
from the serum of rats, shown as microgram per 
cubic centimeter of serum, at intervals after various 
doses of dipterex. Curve A, 75 mg. per kilogram; 
Curve B, 100 mg. per kilogram; Curve C, 150 
mg. per kilogram. 
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Chart 4.—Effects of daily doses of dipterex o1 
the cholinesterase activity of rat tissue. Curve 4, 
brain after 50 mg. per kilogram; Curve B, serum 
after 50 mg. per kilogram; Curve C, brain after 
100 mg. per kilogram; Curve J), serum after 100 
mg. per kilogram. 


of the tissues fell to levels considerably lower 
than those observed after 50 mg. per kilo- 
gram per day, and the enzyme activity con- 
tinued to decrease throughout the 14-day 
observation period. The progressively greater 
decrease in enzyme activity with continued 
treatment is compatible with mortality of 
some of the animals given this daily dose of 
The 
studies indicated that repeated exposure to 


dipterex (Table 2). results of these 
relatively high fractions of the acute L.D.5 
dose of dipterex results in a failure of part 
of the cholinesterase to return to normal. 
This may result in a lowering of the enzyme 
activity to the level which causes the occur- 
rence of typical symptoms of acute poisoning 
and death of the animals. That this progres- 
sive decrease in enzyme activity was not due 
to failure of the tissues to metabolize repeated 
doses of this magnitude was indicated by 
analysis of urine samples from rats given 100 
mg. per kilogram of the compound daily. The 
the 
changed form constituted 1 to 3% of 


amount of material excreted in un- 
the 
daily dose throughout the 21 days of treat- 
ment, which corresponds closely with the 
amount excreted in the unchanged form after 


a single dose of the compound. 


COMMENT 

This investigation consisted of the initial 
studies on the toxicology and pharmacologic 
actions of dipterex (O,O-dimethyl-l-hydroxy- 
2, 2, 2-trichloroethylphosphonate ), Informa- 


tion on the toxicity of this new organic phos- 


A 
58 


on 
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phorus-containing insecticide to mammals is 
essential for evaluating the health hazards 
associated with its practical use. The results 
of the present studies revealed that dipterex 
exhibits several properties which are unusual 
among cholinergic organic phosphates. 

The acute toxicity of dipterex to mammals 
was relatively low, as evidenced by L.D.xo 
values of 225, 300, and 500 mg. per kilogram 
for rats, guinea pigs, and mice, respectively, 
when the compound was administered intra 
peritoneally. The compound was about one 
half as toxic when given orally as compared 
with the parenteral route of administration. 
These tests indicated that dipterex may be 
classed among the organic phosphorus-con- 
taining insecticides ' which exhibit relatively 
low mammalian toxicity. The L.D.59 values 
for dipterex may be contrasted with the val- 
ues of 0.85 mg. per kilogram for tetraethy] 
pyrophosphate * and 4+ mg. per kilogram for 
parathion '’ in rats under comparable experi- 
mental conditions. Treatment with atropine 
enable mice to tolerate about three L.D.; 
doses of dipterex. To ascertain whether dip- 


terex was capable of producing subacute 


poisoning, repeated daily doses of the com- 
pound were administered to rats. It was ob- 
served that the compound was capable of 
producing subacute poisoning, but daily doses 
greater than one-fourth of the acute L.D.5 
were required to produce mortality during a 
60-day period of treatment. The ability of 
this insecticide to produce subacute poison- 
ing is therefore much less than in the case 
of other organic phosphates such as para- 
thion.*” 

\cutely toxic doses of dipterex produced 
symptoms which were typical of cholinergic 
drugs. The effects resembled those resulting 
from excessive stimulation of the central ner- 
vous system, the parasympathetic nervous 
system, and the somatic motor nerves and 
were therefore similar to the effects produced 
by tetraethyl pyrophosphate® and parathion.*° 
However, an outstanding difference be- 
tween dipterex and other alkyl phosphates 
was noted in that the duration of action of 


dipterex was extremely brief, and complete 
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recovery of rats and mice occurred within 
a few hours after poisoning. 

The toxicity and cholinergic effects of dip- 
terex are explainable on the basis of its anti- 
cholinesterase action. The inhibitory action 
of this compound on cholinesterase in vitro 
was similar to that exhibited by the most 
toxic organic phosphorus-containing insec- 
ticides. Dipterex also exerted a strong anti- 
cholinesterase action in vivo, since doses as 
low as 25 mg. per kilogram produced appre- 
ciable inhibition of the cholinesterase activity 
of all tissues. However, the enzyme inhibition 
was very rapidly reversible in vivo in agree- 
ment with the short duration of symptoms 
after sublethal doses. Rapid dissociation of 
the enzyme-inhibitor combination may be one 
of the factors responsible for the relatively 
low toxicity of this insecticide. After repeated 
daily doses of sufficient magnitude to produce 
mortality, a progressively greater inhibition 
of cholinesterase occurred after each succes- 
sive dose until the enzyme activity reached 
low levels and death of the animals resulted. 
This cumulative action on cholinesterase ap- 
pears to be due to irreversible inactivation 
of part of the enzyme after each successive 
dose rather than accumulation of the chem- 
ical agent in the tissues. 

The low toxicity of dipterex to mammals 
suggested the possibility that the compound 
may undergo rapid detoxification in animal 
tissues. Detoxification would explain the ap- 
parent discrepancy between the high anti- 
cholinesterase activity and low toxicity to 
mammals. The differential toxicity of the 
material to mammals and insects might also 
be explainable on the basis of rapid detoxifi- 
cation in mammalian tissues. Since no suffi- 
ciently sensitive chemical method for dipterex 
is available, we employed its inhibitory action 
on cholinesterase as a bioassay procedure. 
This method was found to be applicable for 
the measurement of dipterex in food samples 
and in blood and urine from poisoned ani- 
mals. Analysis of serum and tissues from 
acutely poisoned animals demonstrated that 
the compound disappears from the tissues 
at a rapid rate. Urine analyses indicated that 
the insecticide is not excreted to any appre- 
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ciable extent in the unchanged form. It was, 
therefore, concluded that rapid detoxification 
may largely account for the low toxicity and 


short duration of action of this organic phos- 
phate in mammals. 
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USE OF 
OF ATMOSPHERIC FLUORIDES 


J. P. NIELSEN, Ph.D., Stanford, Calif., and A. D. 
DANGERFIELD, B.S., Geneva, Utah 


ETHODS! for the determination of 
fluorides in the atmosphere in the 0 
to 10 parts per billion (ppb) range are only 
partially satisfactory because of the minimum 
quantity which must be present in the sample 
This 


requirement leads to long, expensive samp- 


if accurate results are to be obtained. 


ling periods and makes it impossible to obtain 
information on short-time variations in the 
fluoride concentration. 

An analytical procedure is presented here 
which involves the absorption of fluoride ion 
on an anion exchange resin, followed by elu- 
with a 


tion small volume of sodium hy- 


droxide. This enables the analyst to elim- 
inate interfering cations and to concentrate 
all the fluoride into a small volume of solu- 
tion without evaporation. The usual isolation 
of fluoride for distillation is 
eliminated, along with the variable reagent 
and system blanks. 


titration by 


APPARATUS AND REAGENTS 

The apparatus containing the column of 
ion exchange resin was very similar to that 
shown on page 80, Figure 23, of Samuelson’s 


“Ton Exchangers in Analytical Chemistry.’ 


It consisted of a Pyrex glass tube 10 mm. 
I. D. and 16 cm. long. Joined to the top of 
this tube was a reservoir tube 35 mm. I. D. 
and 20 cm. long. The bottom of the smaller 
tube was sealed to one arm of a U-tube 3 mm. 
I.D. and 2.5 cm. high. Attached to the other 
arm of the U-tube was a piece of Tygon tub- 


ing connected to a small glass stopcock, the 


From Stanford Research Institute. 
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ION EXCHANGE RESINS FOR DETERMINATION 


arm of which was bent in the form of a U. 
The length of the Tygon tubing was such 
that the delivery tip of the stopcock was 
9 cm. above the base of the 12 mm. tube. 

\ small pad of glass wool was inserted at 
the constricted base of the 12 mm. tube, after 
which Duolite * A41 
height of 10 to 12 cm. 


resin was added to a 
A pad of glass wool 
was also inserted on top of the resin bed. 
The analytical reagents used were the fol- 
lowing: 
Sodium hydroxide, 2.0 N, 0.1 N, 
0.01 N. 
Hydrochloric acid, 2.0 N and 1.0 N. 


Alizarin red, 0.05%. 


and 


Thorium nitrate, 1.3805 gm. per liter, 


standardized with sodium fluoride. 
Monochloroacetic acid buffer solution. 
Dissolve 2.0 gm. of sodium hydroxide 
in 40 ml. of water and add to 9.448 
gm. of dis- 


monochloroacetic acid 


solved in 60 ml. of water. 
PREPARATION OF RESIN 

The resin can be prepared as follows : Soak 
dry resin in distilled water for 24 hours. Pour 
enough of the slurry of resin into the column 
described above so that when the resin set- 
tles the height is approximately 10 to 12 cm. 
Wash resin with 200 ml. of 2.0 N hydro- 
chloric acid, rinse, and follow with 200 ml. 
of 2.0 N sodium hydroxide. The rate of flow 
of the acid and base over the column should 
be about 10 ml. per minute. Finally, wash 
the column with 200 ml. of distilled water to 
remove excess alkali. 

The apparatus and exchange resin when 
first used appear to absorb a certain amount 
of fluorides irreversibly. In order to avoid 
errors resulting from this condition, about 
400 ml. of hydrofluoric acid solution con- 


* Obtained from 
wood City, Calif. 


Chemical Process Co., Red- 
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taining approximately 1 y per milliliter and 
an equal amount of sodium fluoride solution 
are passed over the resin at a rate of about 
5 ml. per minute to permit this irreversible 
preadsorption. The column should then be 
eluted with 50 ml. of 0.1 N sodium hydrox- 
ide, followed by 25 ml. of 0.01 N sodium hy- 
droxide. The elution rate should be about 
2 ml. per minute. 

Whenever a new column is used, or one 
which has been standing for a period of days, 
or an old column cleaned up, a check on re- 
covery should be made. This can be done by 
passing 200 ml. of a known neutral solution 
of sodium fluoride over the column at a rate 
of 10 ml. per minute. The fluoride concen- 
tration of the solution should be in the same 
range as that of the samples for analysis. The 
fluoride is then eluted with 25 ml. of 0.1 N 
sodium hydroxide, followed by 25 ml. of 0.01 
N sodium hydroxide. The elutriate is neu- 
tralized with 1 N hydrochloric acid, 0.5 mi. 
of the alizarin red being used as an indicator. 
Three-tenths milliliter of buffer solution 1s 
added and the fluoride titrated with thorium 
nitrate to the shade of pink attained by add- 
ing thorium nitrate to a blank solution made 
up from the same volume of 0.1 and 0.01 N 
sodium hydroxide neutralized with hydro- 
After the blank is subtracted, 


+5% or less on 


chloric acid. 
recovery should be within 
solutions containing 20 y or more of fluoride. 
The percentage error can be expected to be 
greater on smaller quantities, since it 1s not 
feasible to titrate closer than 1 y by the pro- 
posed procedure. If the recovery is too low 
from a new column, additional fluoride solu- 
tion should be passed over the column to 
Too 


high recoveries indicate incomplete elution 


complete the irreversible saturation. 
from a previous run, 


PROCEDURE 
The following procedure has proved to be 
satisfactory for determining particulate and 
gaseous atmospheric fluorides. 
To determine atmospheric fluorides, the 
bubbler or impinger should be filled with dis- 


If sulfur 
compounds are present in the atmosphere 
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tilled water to the proper height. 
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being sampled, add 1 ml. of 0.1 M barium 
chloride per 100 ml. of absorbing solution. 
After the fluorides are collected, 0.5 ml. of 
1 N hydrochloric acid per 100 ml. of absorb- 
ing solution should be added to increase the 
solubility of particulate fluorides. The capac- 
ity of the column is such that no more than 
3 ml. of 1 
added. The solution should be drawn up into 


N hydrochloric acid should be 


the intake tubes to rinse out any adsorbed 
fluorides. This is particularly important if 


there are bends in the intake tube where 
particulate fluoride may impinge. 

The adsorbing solution should then be 
transferred to the reservoir of the ion ex- 
change column for adsorption of the fluo- 


Any 


precipitate should be removed by filtration 


rides, unless a precipitate is present. 


through filter paper previously washed with 
a dilute hydrochloric acid solution. 

The technique for adsorption, elution, and 
titration should be that described above for 
known solutions. For greatest sensitivity, if 
100 y 
are expected an aliquot should be taken for 
titration 


quantities of fluoride greater than 


It is advisable to wash the column with 
2 N hydrochloric acid and 2 N sodium hy- 
droxide occasionally, as described under 
resin preparation, to remove foreign sub- 
stances which may impair the efficiency of 


the resin. 


RECOVERIES FROM PURE SOLUTIONS 

Recovery data were obtained on pure solu- 
tions of hydrofluoric acid, sodium fluoride, 
and calcium fluoride on columns prepared at 
two different times in one laboratory and also 
at varying times in a different laboratory 
with different personnel. The usual proced- 
ure was to add known quantities of fluorides 
to 200 ml. of distilled water and to pass the 
solution over exchange resin. The elution 
and titration were carried out as described in 
Procedure. 

Table 1 gives typical recoveries at Labora- 
tory A from four different columns at vari- 
ous levels of hydrogen fluoride and sodium 
fluoride. Table 2 gives typical recoveries 
from 13 different columns at Laboratory B. 
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TABLE 1.—Fluoride Anion Ex- 


change Columns—Laboratory A 


Recoveries from 


Column F Reeove 
F Added, Com 
pound 


63.5 HF 
25.5 HF 
13.0 HF 
7.5 HF 
0.0 
88.0 NaF 
4.0 NaF 
17.5 NaF 
8.0 NaF 
176.0 NaF 
440.0 NaF 


Results from Tables 1 and 2 indicate that 
the fluoride was recovered quantitatively by 
both laboratories from many columns. 

Runs to determine system and reagent 
blanks in distillation procedure were made at 
Laboratory B. Distillation was continued to 
a volume of 250 ml. Half of the distillate was 
titrated directly and half was put over the ion 
exchange column and eluted to make sure the 
fluoride compound brought over by distilla 
tion was adsorbed on the resin. Table 3 gives 
the results of this experiment, indicating that 
fluosilicic acid 


is adsorbed by the ion ex 


change column and can be eluted. 

Calcium fluoride suspensions were pre 
pared and aliquots taken for analysis by the 
column and distillation methods. 
diluted by different 
known amounts and the dilutions analyzed 
by the column method. 


The sus- 
pensions were also 
When the calcium 
fluoride suspension aliquot was placed over 
the column, enough water was added to bring 
it into solution. The solubility of calcium 
fluoride is approximately 16 ppm. Results 
comparing analyses by column vs. distillation 
checked within 5%. Assuming accurate dilu 
tions, analyses of these dilutions checked 
within 5%. 

COMPARISON WITH 


DISTILLATION PROCEDURE 


UNDER FIELD CONDITIONS 

The validity of the method was checked 
under field conditions, and the results are 
shown in Table 4. The fluorine-contaminated 
atmosphere, both gaseous and _ particulate, 


was sampled by drawing it through Green 


LUORIDES 


burg-Smith impingers at a rate of about 1 cu. 


ft. per minute. After sufficient air was sam- 
pled to give a level of fluorides adequate for 
accurate analysis by distillation, the impin- 
gers were brought to the laboratory, where 
the absorbing solution was divided in half 
after the transfer described in Procedure. 
One part was run directly by the ion ex- 
change procedure. The other part was made 
alkaline, evaporated to 50 ml., and run by 
the conventional distillation procedure. It 
should be noted that all samples except D8-4 
checked with 0.1 ppb, a result which is excel- 
lent for this range of atmospheric fluoride 
concentrations. 


APPLICATION 


The proposed method has been used in a 
study of the efficiency of removal of particu- 
late and gaseous fluoride from the air passing 
through three experimental greenhouses. 

The first greenhouse was a control, with 
no removal of fluoride from the incoming air. 
The air passing through the second green- 
house was filtered through cloth bags to re- 
move particulate matter. The air for the third 
greenhouse passed through a bag and also 
through lime, to remove both particulate and 
2.—I‘luoride 


olumns 


eries Anion 


aboratory B 


from 


Ex- 


change 


F Re 


Com covered, 


pound 
HF 
NaF 
HF 
NaF 
HF 


Column 


red, ¥ 
63.0 62.0 65.0 65.0 
6.5 
13.0 11.0 13.0 1] 
7.5 7.0 7.5 0 
1.5 1.0 1.0 1.0 
87.0 84.0 85.0 87.0 
13.0 $5.0 $5.0 14.0 
17.5 18.0 18.0 17.5 
g0 
170.0 
$50.0 
F 
47 
100 101 
1) 1) 
18 
HF 49 19 
NaF 19 8 
Nak ) 
HI 19 19 
Nak 
Nak 14 
NaF 
, Nak 6 7 
) Nak 10 9 
11 Nak 9 9 
Nak 
14 NaF 
Nak 
NaF 0 
4 NaF 0 48 
Nak 
16 NaF - 
NaF 0 16 
1s Nak 100 101 
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TaBLe 3.—Recovery of Fluoride from Columns 
After Distillation 


Distillate 
Over 
Column, 
System Fluoride 


Distillate 
Titrated 

Directly, 
Fluoride 


gaseous fluoride. The air was sampled with 
The 
results, as shown in Table 5, strongly sug- 
Note the 
close agreement between outside air and un- 
filtered greenhouse air. The drop in fluoride 
content after passing through the bag filters 


impingers as described in Procedure. 


gest that the method is reliable. 


and the further drop after passage through 
the lime can also be observed. 
values at the the open (control) 
greenhouse are lower than at the entrance, 
indicating that fluoride, as is to be expected, 


The fluoride 
exit of 


is adsorbed by the walls of the greenhouse. 
In an area essentially free of atmospheric 
fluoride, alfalfa was fumigated with particu- 
late calcium fluoride. This was accomplished 
by atomizing solutions of constantly stirred 
suspensions of calcium fluoride into an air 
stream. The air volume, temperature, and 
humidity were such that the water immedi- 
ately evaporated, leaving particulate calcium 
fluoride in the air. The concentration of the 
particulate was determined by the impinger- 


ion exchange procedure. The air was also 


TABLE 4.—Comparison Column vs. Distillation 


Fluoride, Ppb 

Air - - 
Sampled, Ion 
Sample Cu. Ft Exchange 
3,310 0.85 0.94 
3,240 0.89 0.84 


2,170 0.65 0.75 


Distil- 
lation 


1,890 0.62 0.72 
1,521 1.08 1.08 
1,660 1.29 1.33 
1,527 1.08 1.08 

960 0.61 0.98 
1,200 1.62 1.52 
1,300 1.03 0.97 
2,910 0.21 0.24 
2,210 0.23 0.21 
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TABLE 5.—Greenhouse Atmosphere Studies 


Fluoride, 
Ppb 
1.18 
1.32 
1.18 
0.19 
2.11 


1.98 


Air Sample Date 


Exit unfiltered 
Filtered 
Unfiltered 


Outside 
Unfiltered........ 


Outside 
Unfiltered..... ; 
Exit unfiltered... 


Outside. 
Unfiltered 
Unfiltered. 
Filtered 
Filtered lime 
Outside. ... 
Unfiltered 
Filtered.... 
Filtered lime 
Outside. 
Unfiltered 
Filtered 
Filtered lime.. 
Outside 
Unfiltered... 
Filtered 
Filtered lime.... 
Outside.... 
Unfiltered..... 
4 
Filtered lime.... 
Unfiltered 
Filtered 
Filtered lime.. 


continuously sampled with an electrostatic 
precipitator for the first three-day run. The 
daily precipitator samples were combined 
and determined by the distillation procedure. 
Table 6 shows good agreement between the 
impinger sampling analyzed by the ion ex- 
change procedure and precipitator sampling 
analyzed by the regular distillation proced- 
ure. It also shows the distribution of particu- 
late fluoride in the fumigation greenhouse. 


TABLE 6.—Calcium Fluoride Particulate Fumigation 
Studies 


Fluoride, 


Date Location of Samples 


4 Impinger behind vegetation 

D4 Impinger behind vegetation 

4 Impinger behind vegetation 
Precipitator behind vegetation...... 
Impinger in front of vegetation..... 
Impinger in front of vegetation..... 
Impinger among vegetation......... 
Impinger in front of intake 
Impinger in front of exhaust 
Impinger among vegetation......... 
Impinger at side of vegetation...... 
Impinger in front of exhaust........ 
Impinger among vegetation......... 
Impinger in front of intake 
Impinger in front of exhaust........ 


3-6 /18 


10/54 
Unfiltered....... 10/54 
10/54 
5 6 10/54 
6 6 12/54 
6 6 12/54 
Dees 6 6 13/54 1.38 
te 6 14/54 1.71 
7 ‘ 14/54 1.57 
6 8 14/54 0.15 
9. > 5 5 - 
15/54 1.18 
15/54 1.18 
20 D4 1.59 
0.10 
20) D4 O05 
21 54 0.54 
0.69 
1/54 0.11 
21/54 0.06 
22/54 0.75 
22/54 0.80 
22/54 0.10 
22/54 0.03 
23/54 1.33 
23/54 1.22 
23/54 0.12 
23/54 0.05 
24/54 1.13 
24/54 1.10 
24/54 0.13 
24/54 0.06 
4/25/54 0.78 
25 D4 o 10 
0.08 
Ppb 
6/16 0.86 
6/17 0.81 } Av. 
D6-0 6/18 0.72 | 0.90 
6/1¢ 0.81 
D6-X 6/21 2.8 ‘ 
D7-1... bis 6/22 2.1 
7- 6/23 2.8 
D7-4. 6/23 49 
D8-1.. oe 6/23 26 
DS-4... 6/24 2.6 
ABA. 6/24 2.8 
6/24 2.4 
6/25 2.9 
6/25 1.9 
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COMMENT 


Data on pure solutions of hydrogen fluo- 
ride and fluoride salts indicate that these sub- 
stances 


and _ recovered 


quantitatively from an anion exchange col- 


can be added to 
umn. The accuracy below 20 y appears to be 
+l y. This represents 0.01 ml. of the thori- 
um nitrate used and is the smallest division 
of the burette used. Whether or not greater 
accuracy could be achieved by more dilute 


thorium nitrate or by a burette reading to 


0.001 ml. is questionable, because the end- 
point of the titration is a shade of pink, and 
differences in shade produced by thorium ni- 
trate equivalent to less than 1 y of fluoride 
may not be detectable by the unaided eye. 

In the proposed procedure, reagent and 
system blanks are essentially zero; the 0.05 
to 0.06 ml. of thorium nitrate necessary to 
produce the standard pink shade end-point is 
highly reproducible, and the entire impinger 
bubbler sample is titrated. For these reasons, 
the procedure can be used to analyze air 
samples of considerably smaller volume than 
is necessary for the standard distillation pro- 
cedure. The size of the air sample can be 
adjusted according to the accuracy required, 
considering the limitations of the method. 

The data on comparison of the proposed 
procedure with standard distillation proced- 
ure indicate that at least in the types of at 
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mospheres encountered there were no serious 
interfering substances present. 

It is possible that an atmosphere relatively 
high in aluminum, phosphate, or other inter- 
ferences might be encountered which would 
produce erroneous results. Therefore, before 
applying the ion exchange procedure, this 
possibility should be investigated. 


SUMMARY 


A method is presented for the determina- 
tion of atmospheric fluorides ; it involves the 
use of an anion exchange resin for the isola- 
tion of fluoride from interfering cations. The 
resin makes it possible to remove from large 
volumes of solution microgram quantities of 
fluoride ion, which can then be eluted with a 
relatively small volume of alkali. Distillation 
for the isolation of fluorides is eliminated, 
along with variable and 


reagent system 


blanks. Data are presented showing that re- 
sults from the proposed procedure compare 
favorably with the accepted distillation pro- 
cedure. 
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ACCIDENT SYNDROME 


A Clinical Approach 


MORRIS S. SCHULZINGER, M.A., M.D., Cincinnati 


_- DENTS are an age-old problem, and 
their prevention was already a matter 
of serious concern in 


early Biblical times. 


Since the turn of the present céntury, acci- 
dents have been studied most intensively. 
Yet, despite four decades of heroic preven 
tive efforts and some notable achievements, 
the accident toll remains staggeringly high. 
The annual cost of accidents in the U. S. A 
has remained for many years at approxi- 
mately 100,000 killed; 400,000 permanently 
disabled; 10,000,000 injured, with one or 


more days of disability, and $9,000,000,000 


of direct and indirect expenditures. There 
is a serious accident in every fifth household 
annually, and every single day of the week 


an average of 260 persons are killed and 
26,000 are injured. 

The accident problem looms even bigger 
in face of the large percentage of young per- 
sons, in their prime of life, who are injured, 
killed, or crippled by accidents. The anxiety, 
the pain, and the mental anguish stirred up 
and the emotional disequilibrium into which 
many family groups are thrown as a result 
of accidents, and their social and economic 
concomitants, are also important. Consider- 
ing the seriousness of the problem and the 
progress which has been made in reducing 


morbidity and mortality from other causes, 


the meager amount of basic research being 


reported on the subject of accidents is an- 
other cause for concern. 

My interest in accidents dates back to the 
year 1930, when I entered the industrial and 
general practice of medicine. By choice and 
from the beginning, the major part of my 
practice has been devoted to the care of the 
injured. Most of these came from a large and 
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varied group of small industrial and business 
establishments, while about 30% of the acci- 
dents were nonindustrial. Since the accident 
problem is still an open one, a study of ac 
cumulated case histories was undertaken in 
1947, which eventually included 38,000 cases. 
These represented 27,000 industrial acci- 
000 and 
3,000 cases of illness from all causes studied 


dents, nonindustrial accidents, 


for the purpose of comparison. 

This group of patients differs in many re 
spects from those studied by others. It was 
not limited to industrial accidents or to one 
or a few plants, industries, occupations, age 
groups, or types of injury. The accidents oc- 
curred in the home, at work, in public places, 


in schools, and on the road. 


The patients 


were of all social, economic, and cultural 
levels and represented nearly all the occupa- 
tions and industries, most of the plants, and 
establishments of a 
About 50% 


of the nonindustrial patients and 13% of the 


many of the business 


large Midwestern community. 


industrial on: 
of the office, 


resided in the neighborhood 
while the others were scattered 
over all sections of the metropolitan area and 
surrounding rural communities. The series of 
patients was accumulated under continued 
personal care and supervision over a period 
of 20 years and contains many complete fam- 
ily groups, patients of all ages and both 
sexes, and cases involving state compensa- 
tion, public liability, private pay, as well as 
the indigent. The group studied equals about 
5% of the total city population and appears 
to be representative of the community. 

The material was analyzed by appropriate 
standard statistical procedures, using U. S. 
Census population and employment figures 
for comparison. Except for a small percent- 
age of the records which were lost, it repre- 
sents a consecutive series of cases. The un- 
usual size and variety of the material per- 
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mitted a detailed analysis by yearly and 


multiple-year groups of the influence of such 


factors as age, sex, season, month, hour, 


manner, type, frequency, and anatomical dis 
tribution of injuries. Comparative studies 
were made between industrial and nonindus 
trial accidents and between the accident ex 
periences of responsible and normally ad 
justed individuals (Group A) and irrespon 
sible and maladjusted ones (Group B).* 
\dequate allowance needs to be made fort 
“bias” inherent in the 


the selectivity or pres 


ent series, as indeed it must in any accident 


LEGEND: Multiple Accidents 1930-48 
--- Group A 


— Group B 


PERCENT 


S$ 10 158 20 25 30 35 40 45 50 55 60 65 70 75 
AGE 


nonindustrial multiple 
by age (1930-1948) 


Percentage of 
Groups A and B, 


Fig. 1. 


accidents, 


series. It may also be well to consider that 
“ideal” epidemiological studies of accidents 
are neither obtainable nor essential. 

The investigations yielded new facts as 
well as confirmations and refutations of som« 
old theories. 
ited to the presentation of some of the high- 


This paper is of necessity lim 


lights and the more important findings and 

* This group of patients (B) was found in the 
“uncollectible file.” The irresponsibility and malad- 
justment of the group became quite apparent from 
a study of the case histories. All the other patients 
were considered normally adjusted for the purposes 
of this study.? 


The studies that the 


widely accepted theory attributing most acci- 


conclusions. suggest 


dents to a “small fixed group of ‘accident- 


prone’ individuals who cannot help from 
having accidents” is open to question. They 
indicate instead that, when the period of ob- 
servation is sufficiently long, “the 15% of the 
population who are responsible for 85% of 


the accidents” is essentially a changing 


group, with new persons constantly falling 
he 
a widespread endemic affliction and 
the 


in and out of the group.7 


be 


seem to be 


Accidents appear 
part of a disease syndrome 


iccident syndrome. Most accidents were ob 


served to conform to a pattern, having a 


known, though varied, etiology and having 


distinctive prodromal 
circumstances, and are thus frequently pre 


signs, symptoms, and 


construed in this accident, 


\s paper, 


with or without injury, is in the main a mor- 


all 


bid phenomenon resulting from the integra 
tion of a dynamic variable constellation of 
sudden, unplanned, 


Chance 


rorces rs as a 


ind uncontrolled event. occurrences 
re specifically excluded, and consideration 


is limited to the 80 or 90% of the accidents 
vhich are generally attributed to personality 
factors 

lhe more important and pertinent findings 
which have led to the foregoing conclusions 


be 


Ig 
lay summarized as follows: 


1. Accidents are essentially an affliction 


2. Males have a significantly higher inct- 


(Tables 1 


of youth £ (Tables 1 and 2, Fig. 


dence of accidents than females § 


and 2). 


3. Most accidents (74% ) are due to rela- 


tively infrequent solitary experiences of large 


numbers of individuals (86% ). 

4. Irresponsible and maladjusted individ- 
uals have a significantly higher incidence of 
accidents, especially repeated ones, than re- 
sponsible and normally adjusted individuals * 
(Figs. 1 and 2). 

3 and 4. 


t References 1 and 2. 
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5. The incidence of accidents follows a rel- 
atively fixed annual cyclical pattern of dis- 
tribution, increasing steadily from a low in 
February to a high in June and August and 
then decreasing steadily to the low.|| 


INDUSTRIAL HEALTH 

7. Eighty per cent of nonindustrial acci- 
dents belong to one of six types: falls, ag- 
gressive behavior, handling objects, foreign 
bodies, motor vehicles, and stumbling into 


objects.” 


TaBLe 1.—Ditstribution of Industrial Accidents by Age and Sex 


Number of Accidents 


Female 


637 
464 
303 
297 
234 
157 
146 

36 


* Corrected for males in service or out of labor market 


__ 1930-1948 


Number of Patients 


— 


Male 
and 
Female 
2,557 487 
5,028 * 597 
4,603 433 
4,000 295 
3,510 
2,704 
2,011 
1,466 
1,010 

586 
272 


96 


Male 
and 
Female 

2,083 

3,829 * 
3,426 
2,976 
2,613 
2,061 
1,521 
1,175 
819 
489 
237 


89 


Female 


36 99 2 24 


27,880 * 


27,235 


18,583 


18, 


21,342 
20,934 


, using 1947-1948 as standard. The actual male accidents equal 


3,796 and male and female combined equal 4,383, while the male patients equal 2,824 and male and female combined 
equal 3,421. The actual grand totals for males of all ages and for males and females combined appear in the last line. 


Taste 2.—Distribution of Nonindustrial Accidents by Age and Sex and Groups A and B 


Number of Accidents 


Male 
399 275 
9... 

10-14 
15-19. 

25-29. . 

30-34 

35-39. ... 

40-44 

50-54 

55-59..... 


65-69 


226 


194 


6. The incidence of nonindustrial accidents 
follows a relatively fixed diurnal cyclical pat- 
tern of distribution, increasing steadily from 
a low at 5 a. m. toa peak at 5 p. m. and then 
decreasing again.§ 

|| References 2 and 5. 

{| References 2, 5, 6. 


68 


Female 


1930-1948 


Groups A & B Combined 
Number of Patients 


Male 

and 
Male Female 
362 25% 615 
370 


Female 


570 
{88 
692 
954 
811 
634 
616 
422 
387 
260 
171 
137 
68 
of 
41 


6,931 
8. Accidents often occur in chain fashion, 
as if one accident acted as a trigger mecha- 
nism for another accident, or series of acci- 
dents, in the individual or the group. 
9. In a large percentage (50+) of those 
having repeated accidents (3+), they occur 
during identical hours. 


Age, Yr Male . 
4,139 
65-69. . 247 26 
70-74... 90 6 83 6 
75 +... ke 34 2 
- 24,332 
Male 
and 
Female 
674 
581 321 167 
765 451 241 
1,044 612 353 
861 508 303 
692 $35 199 
jj 668 446 170 
463 280 142 
422 71 116 
1 281 182 78 
192 118 53 
152 85 52 
43 30 73 40 28 
70-74. °6 31 57 25 29 
75 +... 23 20 43 23 18 


ACCIDENT SYNDROME 


10. Some persons tend to repeat accidents 
on certain days of the week or month. 


11. There are those who have a predilec- 


tion for certain types of accident or for injury 
to certain parts of the body. 

12. Accidents are more likely to occur un- 
der the 
strain. 


influence of emotional stress or 


The last group of observations (8 to 12) 
tends to support the findings of Dunbar, 
Menninger,* and others that psychological 
factors play a role in the genesis of accidents 
and that some accidents and injuries may 

"Legend 
Industrial Accidents 
e—e Non-industrial, Group 8 


-—.. Non-industrial, Group A 
Population 


Industrial Accidents 
\ 


Percent 


Oo 5 10 15 20 2 30 35 40 45 5O 55 60 65 70 75 
Age 


Fig. 2—Percentage of industrial and nonindustrial 
accidents (1930-1948) by age in relation to Cincin- 
nati’s population (1940). 


have symbolic significance to the individual. 
No adequate statistical studies are available 
as yet to indicate the relative importance of 
these factors. 

With the aid of the foregoing findings and 
parts of the literature, I propose that it is 
now possible to predict with reasonable cer- 
tainty when, to whom, under what condi- 
tions, and in what circumstances an accident 
is most likely and least likely to occur. An 
accident is most likely to occur to a young 
man, age 21, on a hot and humid summer 
day during the months of June and July, on 
a week end or a holiday, while driving a car 


or with aggressive behavior, during the late 


evening hours if not working or during the 
homeward rush hours of the late afternoon 
and early evening, especially if these are also 
the hours of darkness. 

The 
further with inexperience, with excessive 
the 


beverages, with physiological or psychologi- 


likelihood of an accident increases 


speed, with partaking of alcoholic 
cal fatigue, with certain specific psychologi- 
cal conflicts, and with the degree or intensity 
of such nonspecific emotional factors as anxi- 
The 


chances for an accident are greatest if the 


ety, hostility, frustrations, and guilt. 


young man is irresponsible and maladjusted, 
grew up in a maladjusted home, and was ex- 
posed in childhood to violence and strife, to 
overauthoritative parents or parent figures, 
to separation or loss of parents, and to acci- 
dents to himself, parents, or siblings. The 
probability of an accident also grows with 
any increase in the duration or intensity of 
exposure to environmental hazards.* 

An accident is least likely to occur to a 
healthy well-adjusted young girl, age 13, 
born and reared in a normal, secure, and lov- 
ing home in which both parents are well 
adjusted, and if she has not experienced or 
witnessed major or frequent accidents in the 
past. The likelihood of an accident decreases 
further with the hours of night, the month of 
February, the midweek, the home environ- 
ment, and a minimal exposure to hazards. 
Even with increased exposure and increased 
physical, physiological, or psychological 
stress or strain, an accident is relatively un- 
likely to occur in this type of individual. 

Setween these extremes there are an end- 
less number of possible combinations of fac- 
tors capable of yielding varying degrees of 
accident probability. A working familiarity 
with the more important accident factors and 
the prevailing combinations of factors should 
enable the clinician to evaluate the probability 
of an accident in any given set of circum- 
stances or individuals. 


# References 2, 7, and 8. 
* References 1, 6, and 9. 


+ References 1 to 9. 
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accident factors 


literature, 


Of the several hundred 
mentioned in the many are of 
minor or doubtful importance and few have 
been studied exhaustively or conclusively. 
Research leading to the pin-pointing or 
quantitating of at least the more important 
factors should greatly improve the effective- 
ness of the physician in the diagnosis, pre- 
vention, and treatment of the accident syn- 
drome. The ability to diagnose this syndrome 
depends on an intimate knowledge of predis- 
posing factors, environmental hazards, known 
trigger mechanisms, and a past history of the 
behavior pattern of the individual when con- 
fronted with a sudden decision or danger. 

On the basis of experience and the evi- 
dence presented, accidents appear to be a 


Irregular 
additional 
risk incident 
to physical 
impairment 
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surface manifestations of accidents—the in- 
jury. While emphasizing the importance of 
personality and of temporal factors in acci- 
dent causation, the present theory can readily 
accommodate all other accident-producing 
and accident-predisposing factors. It has the 
added advantage of replacing the essentially 
fatalistic concept of “accident proneness” by 
a more hopeful theory of accident causation. 

Dunbar,’ about a decade ago, was the first 
to refer to accidents as a disease syndrome ; 
she limited the term, however, to the psy- 
chopathological condition known as “‘accident 
proneness.”” The present studies suggest that 
the syndrome concept has wider implications 
and that it can be used to include nearly all 


accidents which are not chance occurrences. 


Universal 
Risk 


Abnormal 
Environment 


Maladjustment 
and 


Irresponsi- 
bility 


The 
Trigger 
Episode 


Behavior in 
the presence 
of the trigger 


Influences or Accident with 
aa or without 
personal 


injury 


Determines 


t 


J 


Fig. 3. 


causative 


The accident syndrome ; 
tactors. 


widespread universal affliction affecting most 
individuals many times in the course of a life- 
time. The excessive liability to accidents in 
youth usually disappears with age and, in 
most accident repeaters, with learning, with 
physiological and psychological adaptation, 
with the development of more adequate psy- 
chological defenses, with the elimination of 
hazardous exposure, 

Viewing accidents as a disease syndrome 
has the advantage of focusing attention on 
this serious and widespread condition as a 
clinical entity and not merely as a problem 


in “‘safety.” It may serve to reorient physi- 


cians to a consideration of the causes, pre- 
vention, and clinical treatment of accident 
per se, instead of an almost exclusive pre- 


occupation with only one of the sequelae or 
t References 2 and 3. 
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80 to 90% of all 


accidents present discernible contributory human 


The accident syndrome may be defined as 
a dynamic variable constellation of signs, 
symptoms, and circumstances which together 
determine or influence the occurrence of an 
accident. This syndrome represents a syn- 
thesis of environmental, psychological, phys- 
iological, characterologic, and temporal fac- 
tors to form a unified theory of accident 
causation. The accident syndrome may also 
be described schematically as a morbid condi- 
tion in which the elements of (1) universal 
risk, (2) abnormal environment, (3) malad- 
justment and irresponsibility, (4) a trigger 
episode, and (5) behavior in the presence of 
the trigger episode combine to determine or 
influence the the 


(Fig. 3). The accident syndrome is not 
> 


occurrence of accident 
entirely the usual medical recurrence of 
signs and symptoms, although medical signs 


and symptoms are involved. Instead, it is a 


ACCIDENT SYNDROME 


syndrome in the larger sense of any fre- 
quently recurring items in a series. In this 
larger sense, the genesis of accidents is re 
vealed as a series of detectable recurrences 
that pave the way for the prediction of acci- 
dent probability wherever the essential ele 
ments of the syndrome are encountered. 

Regardless of dynamics or theories of 
that 
clock-like regularity with which year after 


causation, it is evident the cruel and 


year many thousands of persons are killed, 
crippled, and injured as a result of accidents 


decidedly places this condition in the category 


of an endemic affliction of major proportions. 
It appears to me that the challenge which the 
accident problem presents should be met by 
a new and a more aggressive approach di 
rected primarily at the individual. The 


most need at the present time would seem to 


Te 


be a unified, intensive, basic research pre 
gram by teams of clinicians and other work 
ers in the related sciences. There is also an 


obvious need for an 


educational progran 


aimed at a wider general awareness of the 
full scope of the menace, a broader under 
standing of the nature of the problem, and a 
more hopeful outlook. 
that 


It should be stressed 
an accident is basically an avoidable 
morbid condition, that any accident may re 
sult in tragedy or death, and that an accident 
patient may be in need of therapeutic or pre 
ventive medical aid aside from the care of his 
injuries. For maximum prophylactic and 
therapeutic effectiveness, physicians should 
learn to recognize the factors or forces which 
play a role in accident causation and should 
learn to diagnose and treat the accident syn 
drome. 


SUMMARY AND CONCLUSIONS 


Findings are presented from a 20-year 
study of 35,000 accidents treated in private 
practice. Foremost is the observation that 
circumstances attending the causation of an 
accident follow a pattern and lend themselves 
Chief 
among the components of the accident syn- 


to the formulation of a syndrome. 


drome is the mental maladjustment of the 
accident victim, temporary or prolonged, t 
his environment. 


The widely accepted theory that most acci- 
dents are due to a relatively small fixed group 
of “accident-prone” individuals is questioned. 

\ccidents are viewed as a widespread en- 
demic affliction, and “the 15% of the popu- 
lation that causes 85% of the accidents” is 
conceived as a shifting group, with new per- 
sons constantly joining and leaving. 

For greater effectiveness in preventive ef 
forts, accidents, with or without injury, 
should be viewed as a clinical entity, not 
merely as a problem in “safety.” Physicians 
should assume their full share of responsibil 
ity for diagnosing and treating the physical, 
mental, and emotional disorders which play a 
role in accidents. Research, education, and 
should be the 
more hopeful, dynamic approach inherent in 
the 


“safety” reoriented toward 


“syndrome” concept. Greater emphasis 


should be placed on the factors of age, sex, 


season, time of day, home environment, 


emotional stresses, and certain character dis- 
orders. With the aid of these and other fac 


tors, accidents are now predictable with a 
reasonable degree of certainty. 
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Abstracts from Current Literature 


Epirep By Dr. CHRISTOPHER H. Woop 


General 


First REPORT OF THE JOINT COMMITTEE ON HUMAN RELATIONS IN INDUSTRY, MARCH, 1953, 
ro Marcu, 1954. Department of Scientific and Industrial Research and the Medical Research 
Council, London, Her Majesty’s Stationery Office, 1954. 

This report lists the research projects being sponsored by the Joint Committee on Human 
Relations in Industry of the Department of Scientific and Industrial Research and the Medical 
Research Council. During the period covered, i. e., March, 1953, to March, 1954, these projects 
have been supported by funds from the United States Economic Aid. 


The research program is 
briefly described under the following categories: (1) factors 


influencing the effectiveness of 
incentive payment schemes; (2) characteristics of management organization influencing produc- 


tivity; (3) factors facilitating and restricting the introduction of new production techniques and 
methods in industry; (4) industrial education, training, and promotion, and (5) problems of the 


effective employment of special groups in industry. 


LATER WORKING LIFE IN THE BUILDING INDUusTRY. F. Lt 


Gros Crark, Nuffield Foundation, 
London, 1954. 


“The Later Working Life in the Building Industry,” a laboratory study on the Nuffield 
Foundation series, reports on retirement ages and medical (or other) reasons for retirement of 
320 maintenance workers (120 laborers, 100 painters, 100 craftsmen), aged 60 years and over, 
employed by the London County Council. The author develops a concept of the age-wastage 
rate in this industry, 1. e., the rate of worker wastage due solely to the effects of aging. 

In studying these workers from 60 years on, it appeared that about 75% were still effective 
at 66 years but only 32% at age 70. This wastage of maintenance workers appears due not only 
to the usual nonoccupational degenerative and debilitating diseases but also to the aging factor per 
se, primarily because light work is usually unavailable in the industry, forcing discharge of 
aging men no longer capable of their regular duties. The 146 workers who left the labor force 
between ages 65 and 69 included the following: one-fourth dead or totally disabled; one-fourth 
marginal cases, i. e., partially disabled by poor health but occasionally salvagable by rehabilitation 
for a time; one-third discharged due to 
voluntarily. 


age (the true age-wastage rate), and one-fifth retiring 


The goal of the study was to identify the precise circumstances in a specific industry when 
aging workers must leave either to retirement or to another occupation. Other inquiries should 
be made in other industries to find what actually happens as workers age in such industries as 


building, transport, mining, etc. . . 
CLAIRE F. Ryper, Boston. 


Physiology and Nutrition 


ANTICHOLINESTERASES: THE FUNCTION OF ACETYLCHOLINE AND CHOLINESTERASE. W. 
FELDBERG, Chem. & Indust. 31:593 (May 22) 1954. 


The differences between the effects of the various cholinesterase inhibitors and the effect of a 
simple infusion of acetylcholine are discussed. Side-actions of the inhibitor drugs cause some 
cf these effects. Others may be due to lack of the choline and acetic acid which normally result 
from cholinesterase activity, either by need of them for resynthesis of acetylcholine or by need 
for their direct effect on effector structures. The differences in symptoms which are directly due 
to accumulation of acetylcholine may be caused by differences in the sites of action of the 
inhibitor drug, so that symptoms are primarily muscarinic, nicotinic, or central. Relative lipid 
or water solubility may account for the differences in sites of action. Other factors to be con- 
sidered are reversibility or irreversibility of action, whether the inhibitor is converted to an 
active compound in the body, and how quickly the inhibitor is inactivated in water or in the body. 

The author also points out the necessity to distinguish between inhibition of true cholinesterase 


and of pseudocholinesterase MARGUERITE F. Hays, Cambridge, Mass. 
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ANTICHOLINESTERASES: THE EFFECTS OF REPEATED DOSES OF SOME CHOLINESTERASES. J. M. 
3ARNES, Chem. & Indust. 31:620 (May 29) 1954. 


The author presents results of experiments on atropinized animals treated with p-nitro- 
phenyldiethyl phosphate (Paraoxon, E 600). After the first dose of this drug, the anesthetized 
animal shows tremors, fasciculations, and progressive respiratory and circulatory paralysis. If 
artificial respiration is given, however, a new steady state at a very low cholinesterase level is 
gained after a few minutes, and respiratory activity returns to normal. If subsequent doses of 
inhibitor are given, little effect is seen. Isolated rat diaphragm which is*in this steady state can 
no longer sustain a response to a tetanus and is much more responsive to acetylcholine than 
normal. 


Unanesthetized animals do not become resistant to the effects of further doses of Paraoxon 
in this way but continue to show coarse convulsive tremors and respiratory paralysis. The author 
postulates that in these animals the inhibitor acts at higher brain centers which are cut off during 
anesthesia. 

MARGUERITE F. Hays, Cambridge, Mass. 


THERMAL CONDITIONS IN WARSHIPS REFITTING AT H. M. NAvat Base, SINGAPORE. G. 
SOUTHWELL-SANDER, Brit. J. Indust. Med. 11:217-221 (July) 1954. 


This study was made to assess the thermal environment in which men work when a ship 
is refitting in a dockyard in the tropics. Thirty-five compartments in five ships were studied, and 
the compartments were nearly all between decks, with no natural ventilation from the outside air. 
Most of the dry-bulb temperatures were found to be below 93 F., and most of the wet-bulb 
temperatures below 86 F. Air movement was nil when no fans were used. With the use of fans 
there was good air movement, but the air intake of the fan was usually from the compartment 
itself or an adjacent compartment. Effective temperatures without air movement ranged from 
81 to 93 F. With the use of fans the effective temperature could be lowered about 2 degrees (F.). 

Radiant heat was not found to be an important environmental factor in this study. 

The results of other investigators who have studied the effect of temperature on work are 
reviewed and applied to conditions found in this study. It was shown that the upper limits at 
which men can work efficiently are often approached in ships refitting in the tropics; the limiting 
conditions in which they are able to continue at hard work are reached at times, and the workers 
almost invariably experience thermal discomfort which is often severe. 


SHERMAN S. Pinto, M.D., Denver 


Occupational Diseases and Hazards 
MAGNEsIUM Dust. QUERIES AND Minor Notes, J. A. M. A. 155:534 (May 29) 1954. 


The question concerns the effects of inhalation of magnesium dust in the printing industry. 
The men using magnesium complained that a fine dust is generated which discolors the sputum. 


The reply states that in any trade in which metallic magnesium is melted the inhaled fumes may 


lead to metal fume fever. The inhalation of magnesium dust is not known to be injurious, although 
any dust in high concentration is objectionable as a nuisance. Wherever splinters of magnesium 
are present, there is practical risk from the gases evolved from splinters embedded in the flesh 
The outstanding hazard of magnesium dust is that of fire and explosion. Although magnesium 
oxide is white, finely divided magnesium dust, presumably oxidizing, is blackish. This may be the 


source of the discoloration mentioned. ——— = 


TREATMENT OF LEAD PorsoniINc By CHELATION, L. H. Correr, J. A. M. A. 155:906-908 
(July 3) 1954. 


The use of chelating agents, in particular edathamil calcium-disodium (Calcium Disodium 
Versenate), in the treatment of lead poisoning is reviewed, and four cases in which it was used 
successfully are described. The question of safety of a new drug always arises. In this case, there 
is a known affinity of edathamil calcium-disodium for the plasma electrolytes. The chemical data 
on these patients show that the calcium, copper, sodium, and magnesium content was at no time 
seriously disturbed. Two patients showed a rise in total serum inorganic phosphate, and two 
showed a rise in serum copper. The serum cholesterol was low in the average case and was the 
slowest factor to return to normal. Inpust. Hyco. Dicest. 
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FIBERGLAS. QUERIES AND MInor Notes, J. A. M. A. 155:948 (July 3) 1954. 


The question concerns hazards of inhaling Fiberglas dust, including pneumoconiosis. Fiber 
glas dust does not produce any pneumoconiosis that is analogous to silicosis. On a mechanical 
basis, Fiberglas spicules are irritating, especially to the skin. The plastics used to cement Fiber- 
glas, when present in unpolymerized form, contribute to the irritation. Mechanical exhaustion 
cf the air is desirable when the dust concentration is high, as is air conditioning in hot weather 
Some barrier creams, containing silicone or not, substantially protect the skin surface. 


Inpust. Hyac. DiGcest. 


PsYCHIATRIC PROBLEMS IN AGING WITH REFERENCE TO AERO MeEpICcINE. J. D. Mortarty, 
J. Aviation Med. 25:221 (June) 1954. 


Ordinarily the age of a person refers to the number of birthdays that he has had. However, 
the psychiatrist must consider his patient from the standpoint of at least four referents: (1) the 
chronological age; (2) the physical or physiologic age; (3) the mental age, and (4) the emotional 
age. These four types of ages must be considered in arriving at an estimate of the composite 
picture, which may be termed the functional age. Illustrative cases of pilots are presented to 
show that each individual case requires careful evaluation by somewhat flexible rather than 
arbitrary standards. Management as well as the pilots have a large stake in providing a suitable 
ransition for the older pilots to jobs requiring judgment, maturity, and experience but less active 
participation in arduous flying chores. A well-defined plan for retirement at a suitable age, 
flexibly determined in the individual case, is important for maintaining morale and good motiva- 
tion in the active pilot group. 


CHROMIUM CONTENT OF CEMENT AND Its SIGNIFICANCE IN CEMENT Dermatitis. C. R. 
Denton, R. G. KEENAN, and D. H. Birmincuam, J. Invest. Dermat. 23:189 (Sept.) 1954. 


Cement dermatitis has been generally regarded as resulting from primary irritation due to the 
alkaline, abrasive, and hygroscopic properties of cement. In the past few years, however, there 
have been several reports in the foreign literature indicating that dermatitis experienced by 
cement finishers, fabricators, and masons may be due to a specifically acquired hypersensitivity 


to water-soluble chromate compounds present in cement. 

Denton and associates analyzed seven samples of Type 1 portland cement to determine the 
concentrations of hexavalent and total chromium in cement washings and the total chromium 
present in the water-soluble residues and in the original cement powder. 

It was observed that nearly all the water-soluble chromium present is leached out in the first 
30 minutes of washing; however, water-solube chromium represents only a small portion of the 
total chromium in the original cement powder. With the exception of two samples, hexavalent 
chromium accounted for over one-half of the water-soluble chromium. The soluble chromium 
content of cement samples varies widely ; however, the percentage range of soluble chromium in 
cement is of the same order for all countries. 

A patient with a strong specific hypersensitivity to potassium dichromate was patch tested 
oft three occasions with 0.005% potassium dichromate solution and the first filtrate of two cement 
samples, which were adjusted to pH 5.5. The concentration of hexavalent chromium in each 
filtrate in terms of potassium dichromate was 0.0001 and 0.0004%, respectively. The patient 
repeatedly showed a positive erythematous, edematous, papulovesicular patch-test reaction to each 
of the test solutions. Patch tests with distilled water were negative. Control subjects did not 
react to any of the test solutions. It is probable that the average soluble hexavalent chromium 
content of cement would be sufficient to cause and maintain an allergic contact-type dermatitis 
in this patient. 

The authors conclude that allergic hypersensitivity to hexavalent chromium may be a con- 
tributing factor in certain cases of cement dermatitis. 


Report OF Two Hunprep THIRTY-FIveE CAses oF ERYSIPELOID IN ABERDEEN. D. M. 
Proctor and I. M. RicHarpson, Brit. J. Indust. Med. 11:175-179 (July) 1954. 
Erysipeloid is an infection of the skin caused by Erysipelothrix rhusiopathiae and most 

commonly affects the skin of the fingers or hand. The lesion is reddish-blue in color, has a raised 

edge, is well demarcated, and advances slowly. It does not become purulent. The lesion disappears 
spontaneously in one to three weeks. In Aberdeen the infection was found among fish handlers 
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who often gave a history of preceding minor skin laceration and was seen most frequently it 
summer and early autumn. Two-thirds of 169 cases were found to have an incubation period of 
less than four days. 

Except for slight malaise, general systemic symptoms were not found. Lymphangitis was 
present in 16% of the cases. Local treatment with 10% ichthammol (Ichthyol) in glycerin was 
used routinely. The use of parenteral penicillin seemed to be a helpful addition to the therapeutic 
regimen and will be reported more fully in the future. 

Two pictures in color help greatly in visualizing the appearance of the skin 

In each of the 235 cases studied there was either a probable or a possible source of infection 
associated with the individual’s work, and it was therefore concluded that erysipeloid is an 


occupational disease. ; 
I SHERMAN S. Pinto, M.D., Denver 


RAYNAUD’s PHENOMENON IN WORKERS WITH VIBRATORY Toots. R. P. Jepson, Brit. J 
Indust. Med. 11:180-185 (July) 1954 


The object of the investigation reported was to determine whether sufferers from Raynaud’s 
phenomenon, caused by using vibratory tools, can be distinguished by any objective test. Thirty- 
four cases were collected, and the men were submitted to a physical examination with particular 
emphasis on the cardiovascular and musculoskeletal systems. Estimations were made of hemo 
globin and of erythrocyte sedimentation rate; urine was examined, and a roentgenological study 
was made of the hand. The occupations of the men are stated, but the rapidity of the vibrating 
tools is not given; these vibrations, however, have previously been placed at about 50 to 125 eps. 
Other variables are also important, such as amplitude and wave form of fundamental and 
secondary harmonics, strength of grip required, type of material on which the work is done, 
the operator’s skill, and the mass of the tool. A number of tests were devised to observe reaction 
of the fingers to heat and cold as the phenomenon was induced and to investigate the permeability 
of the arteries to the affected fingers. 

The periods of exposure to vibrations needed to induce the phenomenon varied greatly; the 
condition was mostly asymmetrical, but both hands were affected if both hands were equally 
exposed to vibrations. No light was thrown on the pathological lesion at fault, and no abnor- 
mality of structure was detected. The condition reaches its maximum in a few years and then 
remains steady and does not abate on cessation of exposure. It is not incapacitating, except that 


numb fingers make for difficulty in outdoor games. E. J 


COLLtis. 


TREATMENT OF COMPLICATED PNEUMOCONIOSIS WITH IsoNnIAzID. W. E. Mia, P. D. 
OvtpHaM, and A. L. Cocurante, Brit. J. Indust. Med. 11:186-191 (July) 1954. 


A feature of this report is the outstanding care which had to be exerted to obtain the material 
upon which to work out a therapeutic trial. Finally results were assessed in 101 men who had 
been divided into two closely similar groups. All were coal miners under the age of 52 years, 
with early progressive massive fibrosis. One group acted as control. A dose of 100 mg. of 
isoniazid was given twice daily for three months to one group; then an interval of four months 
followed, and then three months of the same doses. The other group received indistinguishable 
inert tablets. The two groups led similar lives during the time. Reliance for evidence of 
progress in the fibrosis was placed upon x-ray changes, films of which were read by independent 
cbservers who did not know to which group any film belonged. Some slight progression was 
accounted for by dust exposure at work. A Middlebrook-Dubos agglutination test gave no help, 
nor did measuring erythrocyte sedimentation rate. 

Finally, the treated group showed 21% with definite or doubtful progression, compared with 
30% among the controls. Although this result favored the treated group, the result is not con- 
sidered statistically convincing. Since, however, all the miners were free from tuberculosis upon 
which isoniazid especially acts, the failure of isoniazid to influence the progression of existing 
lesions and the development of new ones is rather against tuberculosis being an active agent in 
determining fibrosis. FE. L. Conus. 


SILICA AND COLLAGEN IN THE LUNGS OF SILICOTIC RATS TREATED WITH CorTISONE. B. D. 
Stacy and E. J. Kine, Brit. J. Indust. Med. 11:192-197 (July) 1954. 


It is recognized that cortisone inhibits proliferating connective tissue and the mobility of dust- 
laden phagocytes. Its action on the developing silicotic nodule is here reported. Rats were 
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injected intratracheally with 50 mg. of quartz dust; whereupon over the first 200 days an almost 
linear increase with time occurred in the amount of silica in the lymph nodes, while at the end 
of the first month about 50% of the silica injected was found in the respiratory system. Rats of 
one group were given cortisone; the rest served as control. 

The lungs and lymph nodes were analyzed for silica and collagen. The methods followed in 
these analyses are explained. While silicosis was developing, a relatively small amount of silica 
was found in the cortisone lymph nodes, and the cortisone lungs contained more than the controls ; 
this indicates that the hormone interfered with the mechanism normally responsible for trans- 
ferring the dust to the nodes. Indeed there was little increase of silica in the nodes after the com- 
mencement of cortisone treatment. The suggestion is that the cortisone inhibited the activities 
of the dust-carrying macrophages. At the same time the formation of collagen in the lungs was 
inhibited. Collagen is a product of the metabolic activity of fibroblasts, and the lower values found 
in the treated group support the view that cortisone modifies fibroblast activity. 


Skin CANCER IN TaR Workers. R. E. W. Fisuer, Tr. A. Indust. Med. Off. 3:315-318 (Jan.) 
1954. 


Tar cancer in an early stage is curable. If this were generally known in industry and in the 
medical profession, no employer would ask any man to work with tar without arranging for 
him to be placed under competent medical care. Tar has also the following effects on the exposed 
parts of the skin: (1) affections of the follicles; (2) acute tar erythema; (3) changes in skin 
color; (4) chronic tar dermatosis, and (5) tar warts and epitheliomata. Chronic tar dermatosis 
includes changes in texture of the skin, Whitfield’s plane warts, freckles, capillary telangiectases, 
and rough hyperkeratoses. These skin effects are described. Tar warts and epitheliomata are 
probably best treated with local x-rays or radium. Local excision can be used in the rare cases 
which fail to react to x-rays. The usual preventive measures are not entirely effective. 


Inpust. Hyc. DiceEst. 


ETIOLOGY AND PROPHYLAXIS OF OCCUPATIONAL TUMORS IN THE Dye INpbustry. F. UEBELIN 
and A. PLETSCHER, Schweiz. med. Wchnschr. 84:917 (Aug. 7) 1954. 


The authors report on 100 workmen employed in the dyestuff department of a business concern 
in Basel, Switzerland, who had tumors of the urinary bladder and were subjected to cystoscopic 
examinations between 1924 and 1953. Of the 100 patients, 57 died, and necropsies were performed 
on 43. Additional studies concerning the occurrence of tumors of the urinary bladder were 
carried out among workmen who had contact with a single or only a few aromatic amines. 

Results showed that benzidine and beta-naphthylamine were chiefly responsible for the 
occurrence of tumors of the urinary bladder in industrial workers. Other aromatic amines were 
probably of no particular significance in this respect. 

Benzidine very likely also caused the development of tumors in organs other than the urinary 
passages. 

The latent period in all the patients with tumors of the urinary bladder varied from 1 to 44 
years (an average of 18.6 years) and from 4 to 44 years (an average of 17 years) in those 
patients in whom an early diagnosis of tumor of the urinary bladder was made. The latent period 
frequently was much longer than the period of exposure and did not depend essentially on the 
patient’s age at the time the first contact with carcinogenic amines was established, with the 
exception of such contact beginning between the ages of 15 and 20 years. 

Periodical cystoscopy performed every year is essential for establishing an early diagnosis 
of tumors of the urinary bladder in industrial workers. 

The following measures are important for the prophylaxis of tumors caused by amines 
in industrial workers. 

1. The use of benzidine or beta-naphthylamine in factories should be avoided. Innocuous 
substances, eventually beta-naphthylamine-1-sulfonic acid, should be substituted for these agents. 
The less evaporating salts of beta-naphthylamine and benzidine should be employed instead of 
the free bases. 

2. Closed apparatus, adequate ventilation, fresh air masks, and moist manufacturing processes 
of amines should be used. 
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3. Workmen who may be exposed to benzidine or beta-naphthylamine should be carefully 


selected so that observation of the protective measures by these men may be assured, and pre- 


dominantly older workers should be preferred because of the long latent period which 
depend essentially on the age in older persons. 


does not 
4. Frequent cleaning of the body and frequent change of clothing and underwear are essential. 

5. There should be at least annual, periodical cystoscopic examinations even for years after 
exposure to benzidine and beta-naphthylamine has ceased. 


6. There should be annual, periodical, general examinations by a physician. 


STUDY OF AN OUTBREAK OF WEAVER’s CoUGH AMONG OPERATIVES OF A CoTTON MILL. 
FE. C. Viciiant, L. PARMEGGIANI, and C. Sasst, Med. lavoro 45:349-378 (June-July) 1954. 
Among the operatives of a large Italian cotton mill, engaging about 1,000 spinners and 1,000 


weavers, an outbreak of asthmatic bronchitis, which affected only the weavers, occurred for the 
first time from November, 1951, to April, 1952. 


Disturbances were far severer and more frequent on Mondays, or when work was taken up 


again after an absence; these disturbances consisted of a dry cough which later became 
catarrhal, with scarce expectoration, difficulty in breathing, rasping in the throat, and more 
rarely urticaroid eruptions and slight fever. In the severest cases, typical attacks of asthma were 
observed, both at work and during the night at home. About 50% of the weavers were affected 
by the disturbances ; many had to leave off work before the end-of the Monday shift; 44 had to 
stay away from work for more than 10 days. Only workers engaged at the looms and some 
engaged at the weaving preparation were affected; no case was found among spinners. 

Unfortunately, the authors’ inquiry began only at the end of March, 1952, i. e., when the 
outbreak was evidently abating, and was carried out through the following steps: (1) clinical 
and roentgenological examinations of 1,000 weavers (815 engaged at the looms) and of controls 
taken from the adjoining spinning department and from other cotton mills and outside the 
textile industry; (2) analysis of the working conditions; (3) study of the bacterial and fungous 
pollution of the air and working materials, and (4) skin tests for allergy and immunologic 
researches on workers. 

The authors’ first assumption was that the epidemic, as in the case of the ones described by 
Collis in England, had been caused by the exceptionally moldy condition of the yarns which 
had occurred a few weeks before the onset. Their investigations, carried on toward the end of the 
epidemic, did not show any particular abundance of molds on the yarns and in the dust, and 
skin tests with extracts of molds cultivated from the yarns did not show any specific reaction in 
workers affected by the epidemic. Nevertheless, these results do not justify the rejection of the 
hypothesis that the patients affected by thresher’s and farmer’s lung (diseases caused by the 
molding of wheat and hay) have no particular reaction to skin tests carried out with extracts 
of the offending dust or molds. 

However, other possibilities were also studied and discussed: above all, the hypothesis that 
the epidemic was due to the pathogenic action of the Aerobacter aerogenes, a hypothesis derived 
from the almost elective hypersensitivity to the intradermoreactions with extracts of the germ, 
was not confirmed because of the scarce amount or the absence of the germ in the samples of 
yarn and dust taken from the weaving department. The authors have therefore considered two 
other hypotheses, i. e., that the epidemic could have been caused by a sensitization toward some 
constituents of the fibers altered by the mold or by the action of the molds in subjects sensitized 
to the Aerobacter aerogenes according to a parallergic mechanism. Even these two hypotheses, 
however, were not confirmed. 

An explanation of the impossibility of giving a defined and convincing etiology of the out- 
break of the weaver’s cough observed is to be found in the fact that the bacteriologic and immuno- 
logic investigations had been taken up when the epidemic was abating and were developed when 
the epidemic was practically coming to an end; the conditions of the bacterial and fungous 
contamination of the yarns, of the dusts, and of the atmospheric air may, therefore, have been 
remarkably different during the development of the epidemic from what they were found to be 


toward its ending. FroM THE AUTHORS’ SUMMARY. 
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Leap Cotic FoLLowep By DEATH: DETERMINATION OF LEAD IN THE ORGANS. G. Salta, 
N. Zurwo, and L. Garroni, Med. lavoro 45:379-385 (June-July) 1954. 


A 61-year-old man, who had worked for six years as a lead founder, died from acute heart 
insufficiency a few days after having suffered from a typical lead colic. Autopsy findings revealed 
z. diffused myocardosis, with cicatricial sequela of old infarct, visceral stasis, arteriosclerosis, and 
nephrosclerosis. The research for the lead content in the various organs showed that the highest 
proportions were to be found in the bones (sternocostal articulations, 15.5 mg.; femur, 5.4 mg.; 
sternum, 2 mg. per 100 gm. of organ) and in the different sections of the reticuloendothelial 
system (liver, 1.5 mg.; spleen, 0.8 mg.). Apart from the absolute amounts, this distribution is 
not unlike the one observed in normal subjects. The lead content in the kidneys was low, and also 
the proportion between blood and urine lead was abnormal (lead was very high in the blood and 
relatively low in the urine) ; these data show that in the case observed there was a certain want 
of equilibrium between the amount of lead circulating and deposited in the different organs and 
the amount eliminated with the urine, which was perhaps one of the causes of the occurrence of 
the acute intoxication. The adrenal lead was very high (3.9 mg. per 100 gm. of organ) ; this datum 
may support the modern theories which attribute to the adrenal an important role in provoking 
the occurrence of lead colic and of its collateral manifestations. 


FROM THE ENGLISH SUMMARY. 


On Potsontncs CAUSED BY NITROUS FUMES AND SPECIALLY ON PULMONARY CHANGE FROM 


Tuem. L. Noro, J. Patrava, and E. Harmi, Med. deport. y. trab. 18:224-229, 238 (April) 
1954. 


The literature on poisoning by oxides of nitrogen is reviewed, and three cases which occurred 
in Finland are described in detail. The noteworthy feature of two of the cases was the late 
development of severe disturbances in pulmonary and cardiac functions. These sequels were 
characterized by fatigue, dyspnea, sweating, and cough. Fibrotic changes and congestion remained 
in the lungs. The heart was enlarged. Because the condition has remained stationary for two 
years, it appears very likely that a permanent and compensable disability is present. Little atten 
tion has been paid in the literature to these late sequels of nitrogen oxide poisoning. 


Inpust. Hyac. DiGeEst. 


PrLatinum ALLERGY. W. MASSMANN and H. Opitz, Zentralbl. Arbeitsmed. u. Arbeitsschutz 
4:1-4 (Jan.) 1954. 


This paper makes a useful addition to the rather scanty literature on illness due to exposure 
to platinum salts. The authors examined 15 persons who were working or had worked with 
platinum salts. Twelve of the total complained of the symptoms of platinum allergy. Symptoms of 
irritation of the upper respiratory tract were most frequent, and asthmatic conditions appeared to 
occur in other cases. Usually the symptoms disappeared one or two hours after ceasing work 
with the platinum salts. In two workers there was eczema, and in one an urticaria. A table gives 
particulars of the symptoms, the blood picture, and the period between the first exposure and the 
onset of symptoms, which ranges from “soon after” to two years. The toxic agent is the hexa- 
chloroplatinate complex, whether in the form of the acid, sodium salt, or ammonium salt; finely 
divided platinum metal may be inhaled without ill effects. 


CONDENSED FROM Butt. [INpust. HyG. DiGeEst]. 


PNEUMOCONIOSIS IN THE Harp METAL INDUSTRIES. K. D. LUNDGREN and H. OHMAN. 
Archiv. path. Anat. 325:259-284, 1954. 


In former times the Swedish law concerning occupational diseases provided compensation for 
only one lung disease, silicosis. Since 1950 this has been extended to include pneumoconiosis 
caused by hard metals. 


In Sweden the production of hard metals started in 1930, and today there are five factories 
doing this work. Between 200 and 250 men are directly engaged in the production of the metals. 

The authors give a short review of five cases of a lung disease, three of which were fatal. 
All the patients were workers who had been exposed to the dust of hard metals. 

Detailed air analyses of the work situations in all five factories were done, and the exposed 
workers had physical, laboratory, and x-ray studies. The fatal cases showed chronic interstitial 
pneumonia, with marked pulmonary insufficiency. 
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This disease differs from silicosis in several symptoms, in having a low morbidity in terms of 
exposure, and in its rapid course, with possibly an acute fatal end. 

All the findings seem to point to a causative relation between exposure to metal dust and the 
disease, but the pathogenesis is not explained. An allergy of some kind or intercurrent infection 
could play a part. The authors have started several series of animal experiments in order to 


arn more of » pathogenesis of this diseas : 
lear ore of the pathogenesis of this disease JurceN Motter, St. Paul. 


PATHOLOGICAL-ANATOMICAL ASPECTS OF PORCELAIN-Dust LUNG IN Upper FRANCONIA. 
E. Kircu, Beitr. Silikose-Forsch. 25:1-29, 1953. 
The author regards the porcelain-dust lung as a “mixed-dust” silicosis, since the porcelain 
mass is said to contain 9 to 32% of free silica. Statistics on the postmortem findings are given 


Severe compensable silicosis was present in 35 of the 136 cases and was always accompanied by 


cardiac hypertrophy which was practically always the cause of death. The pathological features 
are described; in some respects they differed somewhat from those commonly found in silicosis. 

Massive fibrosis, with a tendency to the formation of multiple indurated masses, varying from 
the size of a man’s fist to complete induration of one or two lobes, was a characteristic feature 
of the severe uncomplicated silicotic cases, the usual small discrete nodules being a less prominent 
feature. Hyaline nodules, when present, were smaller than in other forms of silicosis and were 
often surrounded by a wide thick layer of dust cells. The indurated nuclei and the regional 
lymph nodes often showed a greenish or bluish coloration. Old pleuritic lesions were more 
commonly found than in pure silicosis. Tuberculosis when present was usually of a progressive 
caseating character. The lesions are illustrated by photographs. 


CONDENSED FROM Hye. [INpust. Dicest]. 


AcuTE CARBON TETRACHLORIDE POISONING DuRING AcUTE ALCOHOLIC INTOXICATION. M. 


AUFDERMAUR and E. Munuerm, Ztschr. Unfallmed. Berufskrankh. 46:275-282 (Dec. 15) 
1953. 


An acute fatal case of carbon tetrachloride poisoning is described, resulting from exposure 
to a mixture of carbon tetrachloride and benzene used as a cleaning material. A man and his 
wife had been cleaning clothes in an open vessel in a small, ill-ventilated kitchen. The wife 
suffered from nausea and giddiness but recovered after 10 minutes, with no residual effect. The 
man, a chronic alcoholic and intoxicated at the time, had characteristic symptoms during the 
next few days, and he was admitted to the hospital, with anuria, jaundice of the skin and con- 
junctivae, and tenderness over the liver. Diuresis could not be produced; the urine contained 
12% of albumin, red and white cells, but no casts. Death took place on the 11th day. Autopsy 
showed glomerular tubulonephrosis, interstitial nephritis, central acinar necrosis of the liver cells, 
edema of the brain and lungs, and coronary sclerosis. The diagnosis of acute carbon tetrachloride 
poisoning, in which susceptibility was increased by alcoholic intoxication, is supported by (1) 
the general tissue and liver injury attributed to alcohol and (2) the solvent capacity of alcohol 
present in the blood for carbon tetrachloride. Appropriate labeling of such cleaning materials 


should be more rigidly enforced. Coxpensep rrom Butt. [INpust. Dicest]. 
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StTuDIES IN FIBROSIS OF THE LIVER INDUCED By CARBON TETRACHLORIDE. K. ATERMAN, 
A. M. A. Arch. Pathol. 57:1-29 (Jan.) 1954. 


This is a series of three papers. The first is titled “Relation Between Hepatocellular Injury 
and New Formation of Fibrous Tissue.” The author concludes that his results bear out Moon's 
concept of hepatic fibrosis. Further, he has concluded that vascular factors which determine 
the localization of cellular lesions in acute poisoning by carbon tetrachloride continue to operate 
throughout the stage of chronic poisoning. In the second paper, on “A Quantitative Study of the 
Effect of Cortisone on Fibrosis of the Liver in Rats,” the author finds that cortisone leads to a 
significant reduction in the collagen content and apparently increases the fat content of the liver 
in the early stages of fibrosis but not in the later stages. In the third paper, on “Pantothenic 
Acid and Liver Fibrosis,” it is concluded that pantothenic acid does not affect materially the 
development of fibrosis of the liver due to chronic carbon tetrachloride poisoning. 


CONDENSED FROM BuLL. Hye. [INpust. Dicest]. 
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THEORETICAL CONSIDERATION OF THE HAZARDS ASSOCIATED WITH ACUTE EXposuRE TO HIGH 
CONCENTRATIONS OF TRITIUM Gas. E. C. ANDERSON and WriGHt LANGHAM, Contract 
W-7405-eng-36 (LA-1646), Los Alamos Scientific Laboratory, Feb., 1954. 


Theoretical consideration of the hazards associated with acute exposure to high concentrations 
of T. gas indicates that a lethal radiation dose would result only from explosive oxidation of 
very rich T:-air mixtures. If the gas remained as T:, the dose rate to a 1m layer of the res- 
piratory surfaces would be very high (thousands of rep/sec.), but the effect of doses of this 
magnitude on a very thin layer of these surfaces is completely unknown. Other hazards con- 
sidered are whole-body irradiation from dissolved Tz in body fluids, biological oxidation of T2 and 
subsequent absorption of the tritium water produced, auto-oxidation of the T. by the tritium beta 
rays and absorption of the tritium water, and Bremsstrahlung (continuous) irradiation of tissue 
surfaces. The orders of magnitude of these hazards are a few tenths rep/sec. of exposure. 


From THE AutTHors’ SUMMARY [Nuclear Sc. Abst.]. 


StuptEs In DeToxiIcaTION: 54. METABOLISM OF BENZENE. (a) FORMATION OF PHENYL- 
GLUCURONIDE AND PHENYLSULPHURIC ACID FROM [C!4]BENZENE. (b) METABOLISM OF 
[C14] D. V. ParKeE and R. T. Biochem. J. 55:337-340, 1953. 


Rabbits fed labeled benzene (0.15 to 0.5 gm. per kilogram) excrete 6 to 8% as phenyl- 
glucuronide and 11 to 14 % as phenylsulfuric acid. Labeled phenol fed in doses of 50 to 60 mg. 
per kilogram can be entirely accounted for as urinary metabolites in two days after feeding. These 
metabolites are represented by 40 to 50% phenylglucuronide, about 45% phenylsulfuric acid, about 
10% quinol, and 0.5 to 1.0% catechol. Phenol administered orally does not give any of the 


isomers of muconic acid or phenylmercapturic acid Cue. Apst. [Indust. Hyg. Digest] 


SoME Toxic PROPERTIES OF DIMETHYLNITROSAMINE. J. M. BARNEs and P. N. MAGEE, Brit. 
J. Indust. Med. 11:167-174 (July) 1954. 


Two cases of cirrhosis of the liver (one of which was proved by autopsy) among men in the 
laboratory of an industrial plant with exposure to dimethylnitrosamine (DMN) brought this 
solvent under suspicion. In order to test its toxicity, DMN was given by mouth and by injection 
to rats, rabbits, mice, guinea pigs, and dogs so as to obtain acute, subacute, and chronic poisoning. 
The average lethal dose for rats was less than 50 mg. per kilogram, however administered. A 
dose of 15 mg. per kilogram was enough for rabbits, and the dose for mice, guinea pigs, and dogs 
varied between these extremes. The findings generally were hemorrhages into the upper part 
of the intestine, with liver swollen, red, and inflamed. With subacute doses, there were peritoneal 
exudate and irregular livers, tending to fibrosis. With chronic poisoning, after 34 to 37 days on 
a diet containing DMN, rats showed extreme emaciation; their livers were small and obviously 
fibrosed. The histological changes are well illustrated. 

DMN appeared to act primarily as a liver poison, producing severe necrosis in all the animals 
used. It produces centrilobular necrosis, and complete recovery may follow a near-lethal dose. 
The liver presents the nutmeg appearance associated with passive venous congestion. The cause 
of the hemorrhages is not clear, nor is the way in which the liver is damaged. Obviously DMN 
is toxic and dangerous to handle. An atmospheric concentration should not exceed 25 mg. per 
cubic meter. E.. L. CoLuts. 


PaTHOLOGY DuE To CHROMATES: First EXPERIMENTAL RESEARCH. M. MOsINGER and H. 
FIorENTINI, Arch. mal. profess. 15:187-199, 1954. 


The literature contains many references to the toxic properties of chromates, especially in 
causing dermatitis, perforation of the nasal septum, and lung cancers. The observations here 
reported arise from experiments made on guinea pigs, rabbits, rats, and mice. Six types of 
treatment were used: (1) The animals were bandaged with a pomade containing 1% potassium 
chromate; (2) intravenous injections were given of a 1% aqueous solution of potassium chromate 
diluted in saline; (3) a similar solution was given intraperitoneally ; (4) subcutaneous injections 
were made with 1: 500 solution; (5) crystals of potassium chromate were planted subcutaneously, 
and (6) finely powdered potassium chromate was introduced intratracheally, 5 mg. at each 
treatment. 

The skin lesions varied, from depilation and spreading dermatitis to fairly deep ulcers after 
a few weeks. Local reactions following injections of potassium chromate resembled those seen 
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when carcinogenic hydrocarbons are used, causing as a primary reaction an inflammatory nodule, 
which might diminish or disappear, to be followed after a latent period by a sarcomatous tumor. 
However they were administered, chromates set up sharp reactions: in 
histiocytes and zones engorged with red blood cells; in the bone marrow 
edema; in the mesenteric and cervical nodes with hypertrophy and signs 


the spleen with giant 
with vasodilation and 
of disintegration; but 
they caused little change in the thymus. The liver showed diffuse parenchymatous hepatitis and 
also irregularly distributed extensive islands of necrosing hepatitis. All the animals had signs 
of acute gastroenteritis ; gastric ulcers have been reported in workers exposed to chromates. All 
parts of the kidneys were inflamed with considerable tubulitis. The lungs showed bronchitis, 
emphysema, and thickened alveolar walls. Potassium chromate was found to cause a complex 
syndrome, with direct and indirect phenomena of neuroendocrine origin similar to those produced 
by carcinogenic hydrocarbons. 


E. L. Coutis. 


NOTE ON THE Part PLAYED BY TOBACCO IN POISONING BY CARBON MONOXIDE. FLEURIOT, 
Arch. mal. profess. 15:229-233, 1954. 


Considerable trouble was taken to determine what should be considered the normal amount 
of carbon monoxide to be expected in the blood. Two groups, one of 110 and the other of 109 
persons, were examined; the first was exposed to some industrial leaks of CO, and the other to 
none. The average amount of CO found did not differ in the two groups. Home influences were 
examined with regard to domestic heating by contrasting summer, when such heating would 
not be in use, with winter; here, again, no differences were detected. When persons with CO 
in the blood were divided into three categories—those with concentrations well above the average, 
those with no CO, and those about the general average—the group with the high concentrations 
was found to be composed of heavy smokers, men who smoked at least 20 cigarettes per day 
up to 50, and inhaled the smoke; those with no CO either were nonsmokers or smoked only 
2 or 3 cigarettes per day and did not inhale; the average group used 20 or fewer cigarettes 
per day and did not inhale 

The conclusion arrived at is that high CO in the blood depends not so much upon exposure 
tc CO in industry as upon heavy smoking and inhalation of the smoke. [The author does not 
make clear whether he considers that the low blood contents found can cause any chronic CO 


\Oisoning. 
I E. L. 


SysTEMATIC EXAMINATIONS OF AMOUNT OF CO IN BLoop oF ONE HuNbRED Tuirty-Two 
MEN WoRKING IN GAsworks. H. RueEt, Arch. mal. profess. 15:234-235, 1954. 


An examination was made of the amount of CO in the blood of 132 men employed in gasworks, 
with varying exposure to CO in the different departments. The over-all average was 3.35 cc. 
per liter of blood, the amount varying from averages of 5.1 cc. in the discharging department to 
3.1 cc. in the distilling. Eleven men had a value equal to or above 8 cc. per liter. Examined 
by age, men of 50 and over and those of 30 and under were found more receptive than the others. 
For those with high CO readings, vacations in the country or changes of work did not notably 
affect the readings. Those with relatively high readings complained of headache, vertigo, 
and tingling in the legs. Alcoholism had no ef 


h 

fect; nor did the existence of hepatovesicular 
cr renal lesions. The influence of tobacco was preponderant. The average CO readings were 
as follows: 


Group 
Nonsmokers 
Mild smokers 
Medium smokers, 10 to 15 cigarettes daily 
Heavy smokers, 15 or more cigarettes daily 
Smoking was more important than industrial exposure in determining the amount of CO to be 


found in the blood. E. L. Cottis 


MrIxEp PoIsONING BY CARBON MONOXIDE AND CARBON DroxipeE. V. RAYMOND and M. 
Martin, Arch. mal. profess. 15:235-238, 1954. 


Attention is drawn to the fact that wherever combustion takes place, whether for heating 
or lighting, in exhaust gases from motors or after explosions, both carbon monoxide and carbon 
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dioxide are formed. The toxicity of carbon monoxide depends upon the amount of hemoglobin 
it unites with and prevents from taking up oxygen; the toxicity of carbon dioxide depends upon 
the amount of oxygen it displaces from the air, which is therefore not present to be taken up 
by the hemoglobin. 

30th these toxicities have been carefully worked out. But when both are present, the excess 
of venous blood stimulates the respiratory center to deepen and accelerate breathing, which, 
in its turn, draws more and more carbon monoxide into the lungs, where it unites with more 
hemoglobin. Thus, the one gas reacts detrimentally on the action of the other, and the simple 
tables of toxicity of either alone no longer hold good. Thus a concentration of 0.01% in the 
air is practically without danger when CO is alone, but it causes malaise in two hours if 2% of 
COs is present and can cause death in four hours if 8% of CO: is present. Again, 0.04% of CO 
is fatal in four hours, but if 1% of CO: is present it kills in two hours, and if 2.5% of COsz is 
present in one hour. Such facts call for revision of the tables of toxicity, since the two gases 


seldom if ever occur alone whenever combustion takes place. E. L. Cottis 


Toxicity OF PENTACHLOROPHENATE TESTED ON GUINEA PiIGs: TREATMENT TRIALS. 
VIALLIER, L. RocueE, and A. Brune, Compt. rend. Soc. biol. 148:374-375 (Feb.) 1954. 


An intensive investigation into the toxicity of pentachlorophenate was made by experiments on 
210 guinea pigs. Any dose given subcutaneously above 100 mg. per kilogram of pentachloro- 
phenate produced death within 24 hours and often within 3 hours. A dose below 50 mg. per 
kilogram was not fatal. Within these two extremes the toxicity varied with the sensitivity of the 
animal, depending on its nourishment and individual resistance. Death often occurred suddenly, 
with symptoms of acute poisoning marked by unusually high temperatures. Search was made for 
an antidote, including polyvinylpyrrolidone, but nothing was found of any value. One interesting 
point was that if the animals were made to hibernate by exposure to low temperatures they 


exhibited greater resistance to pentachlorophenate 


EXPERIMENTAL STUDIES OF THE PATHOGENESIS AND PREVENTION OF CHLORINATED NAPH- 
THALENE Porsoninc. S. Nomura, J. Sc. Labour [Japan] 29:57-69, 1953. 


Dermatitis was induced by depositing chlorinated naphthalene powder on the skin or clothes 


The toxicity increased with higher degree of chlorination, with which, however, the solubility and 


volatility decreased. With equal chlorination the isomer of unsymmetrical structure was more 
toxic, though less soluble. In animals the poisoning was accompanied by a peculiar lesion in th 


liver and slight abnormality in the kidneys : . 
Cuem. Asst. [Indust. Hyg. Digest] 


Environmental Conditions 


FACTORS IN THE DESIGN AND OPERATION OF INDUSTRIAL Dust CoLLectors AS RELATED TO 
Arr Potiution. H. C. DourmMann, C. A. GALLAER, and J. W. SCHINDELER, Annual 
Meeting Paper 54-12, Air Pollution Control Association, Pittsburgh, May 3-6, 1954. 


Considerable progress has been made in many communities in their efforts to reduce atmos- 
pheric pollution. However, in order to continue this progress, dust-collector installations must 
be maintained at their peak performance. It is with this fact that this paper concerns itself. 

The authors point out that for a dust-collector installation to perform satisfactorily it must 
be designed for the job. Two reasons are given for the malfunction of dust collectors: (1) 
improper selection of equipment and (2) poor duct design. These two points are discussed in 
detail. The effect of a sharp bend near the entrance of a multiple cyclone unit on dust collection 
is described. 

Even though the correct equipment is selected for the particular dust-collection installation 
and the ductwork is properly designed, if the equipment is not maintained according to its original 
specifications, it will not function satisfactorily. Discussed here are frequent problems associated 
with the operation of the cyclone collector and the electric precipitator. Suggestions and instruc- 
tions are given for continued satisfactory service of collectors of these types. 


I. L. BEAucHAMP, Boston. 
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PLANNING A STATE-WipE Air PoLiutTion Apvisory Service. R. N. Kustan, Annual 
Meeting Paper 54-16, Air Pollution Control Association, Pittsburgh, May 3-6, 1954. 

Air pollution and industrial hygiene problems for the State of Washington are handled by 
the Environmental Research Laboratory at the University of Washington. This paper deals 
with the scope of work of the Laboratory and the difficulties it has encountered, particularly those 
affecting finance. 

Washington provides a wide variety of industry, ranging from lumbering to smelting. As a 
result, air pollution has become a problem in many communities where laws and regulations to 
abate the condition have been passed. Unfortunately, too often insufficient funds are provided 
for proper enforcement of these laws. 

In March, 1951, the University of Washington organized the Environmental Research 
Laboratory to carry out a program of research and consultation services for the benefit of 
industry, government, and other organizations with air pollution and industrial hygiene problems. 
The Laboratory has carried out a well-rounded program. However, the financing of the program 
has been on a fee-for-service basis, and this has somewhat limited the activities of the Laboratory. 

The remainder of this paper is concerned with a broad plan for organization, measurement, and 
control programs for the elimination of air pollution throughout the State of Washington. The 
Environmental Research Laboratory is to be the hub of this activity. 


I. L. BEAUCHAMP, Boston. 


TVA Atr PoL_ution StupieEs ProGram. F. W. THomas, Annual Meeting Paper 54-24, Air 
Pollution Control Association, Pittsburgh, May 3-6, 1954. 

The air pollution control program carried on by TVA has been briefly described. Meteoro- 
logical and air pollution instruments are discussed, and methods of data reduction and analysis 
described. Specific examples are cited to illustrate studies on effective stack height and diffusion. 
Information obtained indicates that the effective stack height and critical wind speed can be 
estimated with sufficient accuracy for practical evaluation of air pollution control requirements 


From THe AvuTHOR’s SUMMARY 


CaTaLytic ComBusTION: EvALUATION OF CatALysts. Amos TurK, Am. Indust. Hyg. A 
Quart. 15:119 (June) 1954. 
Test apparatus is described for field and laboratory studies of the effectiveness of catalytic 
combustion systems for air purification. Organic vapors were passed through an annular bed of 
elletized catalyst (PT-A1,0;) in concentrations up to 38% of the lower explosive limit. High 


1 
t 
t 


emperatures favor odor removal, and high concentrations provide nearly self-sustaining com 
bustion. Methyl ethyl ketone, toluene, and naphtha are conveniently oxidized by this method. 
Less expensive (metallic oxides) catalysts may be used when temperature and concentration 
ranges are favorabl 

— R. DENNIs, Boston 
SAFE OPERATION OF OIL REFINERIES. A. G. THomMson, Chem. Age 70:997-1001 (May 1) 1954. 

The author discusses the various hazards encountered in the operation of an oil refinery. 
The most important are flammability of the products and explosibility of vapor-gas mixtures. 
Conditions for explosion and some of the safety precautions are discussed briefly. Petroleum 
vapors can be toxic at a lower concentration than the lower explosive limit. The author gives 
0.05% (500 ppm) as a safe standard for eight-hour daily exposure. Neither hazard may be 
neglected. If benzene is present, the MAC is lower and more safety measures must be undertaken 
Positive pressure airline masks should be worn by workmen entering empty containers. Explosi- 
meters, or combustible gas indicators, are described. Suggestions are given for ventilation, 
repair permits, and medical care of petroleum workers. Inpusr, Hye. Dicer 
Arr Pot_ution Controt MetHops For Toxic Dusts, GAsEs, FUMEs, AND Vapors. IRVING 

KINGSLEY, New York State Dept. Labor Month. Rev. 33:17-20 (May) 1954. 

To reduce the possibility of ill effects due to air pollution, the most effective air cleaning 
device for the respective pollution source must be selected. This paper has classified pollutants 
as dusts, fumes, vapors, and gases. For each contaminant it describes several methods of air 
cleaning and discusses the respective advantages and disadvantages for air pollution control. 

In addition to the above discussion, two general methods for reducing air pollution, namely, 


te gical c , are included. 
tack control and meteorological control, are include I. L. BEaucHaAmp, Boston. 
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Some Tests on a Hicu Erricrency Arr CLeaner. D. R. Wuittet, Report NGTE-R-139, 
National Gas Turbine Establishment, Great Britain, July, 1953. 


Performance tests were conducted on a special form of Cottrell precipitator in which a 
moving film of water forms the receiving electrode. The tests were conducted mainly on three 
different lengths of 3 in. tube, with length-to-diameter ratios ranging from 13.1 to 33.5, and at 
air velocities ranging from 3 to 10 ft. per second. Blackness test efficiencies as high as 99.99% 
were recorded in the laboratory when using air polluted with C smoke as a test atmosphere, and 
up to 99.94% when cleaning a typical industrial atmosphere. The performance of the cleaner at 
differing conditions of air velocity, applied voltage, wire diameter, tube diameter, and tube 
length is examined, and a comparison is made between the actual test results and those forecast 
by application of certain commonly used expressions for efficiency and field strength. An examina- 
tion is also made of the power requirements of this type of cleaner, and recommendations are 
made concerning the most economical form of construction and the choice of tube dimensions. 


NucLEAR Sc. ABST. 


Determination of Air-Borne Contaminants 


Exuaust Rates FoR Dust CONTROL: THEORETICAL REQUIREMENTS IN BULK MATERIAL 
HANDLING Systems. W. C. L. Hemeon, Am. Indust. Hyg. A. Quart. 15:132-135 (June) 
1954. 


The material presented here is condensed from a chapter in the author’s forthcoming book 
on “Plant and Process Ventilation.” It is well known that the required rate of exhaust from an 
enclosure, especially in bulk materials handling systems, is often dependent upon the rate at 
which air entrained by the falling motion of the individual particles is pumped into the enclosure. 
The author has examined the nature of the phenomenon and analyzed the energy relationships 
involved. A mathematical presentation of these relationships is given. The general laws of air 
motion as applied to the problem are summarized on the basis of the calculations. 

The maximum theoretical rate of air induction due to a stream of falling particles in turbu- 
lent motion is proportional to (1) the cube root of the tonnage rate of solid flow, (2) the cube 


root of specific gravity of solids, (3) the cube root of particle diameter, (4) the 7% power of 
solids stream cross sectional area, and (5) the % power of falling distance. For practical pur- 
poses, turbulent flow may be regarded as confined to particles larger than about 2 mm. and 


to columns whose falling distance considerably exceeds 2 or 3 ft. —— 


POTENTIOMETRIC INSTRUMENT FOR SULFUR DETERMINATION. HENRY LANDSBERG and EpwWArRD 
E. Escuer, Indust. & Engin. Chem. 46:1422-1428 (July) 1954. 


An automatic instrument continuously records trace quantities of oxidizable sulfur com- 
pounds in the range of 0.1 to several hundred parts per million by volume in gases and atmos- 
pheres. Coulometric titration with electrolytically generated bromine is used. Titration is 
electronically controlled at a poteniometric balance point. Various applications in the natural gas, 


yrocess, and air pollution fields are discussed. shad 
From THE AuTHORS’ SUMMARY. 


New DEsIGN OF FILTER HOLDER FOR Dust SAMPLING. K. E. LAUTERBACH, Contract W-7401- 
Eng-49, Atomic Energy Project, University of Rochester, Oct. 15, 1953. 


A new quick-acting filter holder is described for air sampling with molecular filter disks. 
The experimental model has proved to be satisfactory for holding both molecular filters and fiber 


filters, especially those of the thin sheet variety. conse Ge Aue: 


Finat Procress Report, Jury 14, 1949, ro Jury 14, 1951. Contract W-18-064-CM-216 (ATI- 
115733), Mississippi University, 1954. 


The performance of electrostatic particle counters was investigated. A sequence of determina- 
tions of the particle size distributions of aerosols in a settling chamber made by microscopic 
analysis is reported. Data on performance of an electrostatic counter for aerosols are compared 
with microscopic data. Other methods of particle detection and counting are described briefly. 


Nuc ear Sc. Asst. 
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Lessons FROM INTENSIVE Dust SAMPLING oF A Coat Mine. I. HartMann, J. Nacy, and 
J. K. RauscHEenBERGER, R. I. 5054, U. S. Department of the Interior, Bureau of Mines, 
April, 1954. 


This paper summarizes the more important findings from a survey conducted by the Bureau 
in an Indiana coal mine, discusses several samplings at several Pennsylvania coal mines, and 
discusses related studies in the Bureau’s experimental mine. Weights and percentages of incom- 
bustible dust at various sampling locations are compared, and recommendations are made for 
representative sampling. One point in the conclusion is that the quantity of dust on haulage 
ways and other roads may be excessively high, thus requiring very large tonnages of rock dust. 
Every effort should be made to persuade mine operators to reduce dust formation during mining 


and to allay and clean up all dust that is formed. a ee ey 


PorRTABLE METHANE-DETECTING APPLIANCES APPROVED UNDER UNITED STATES BUREAU OF 
Mines STANDARD. E. J. Grier, R. I. 5056, U. S. Department of the Interior, Bureau of 
Mines, April, 1954. 


The standards applied are those of schedule 8C, issued in 1935. The schedule provides for two 
general classes of instruments or devices, namely, detectors and indicating detectors. The first 
class is applicable in the range 1 to 3% methane. In the second class, indications as low as 0.25% 
methane must be given, with a recommended upper limit of 4%. Twelve instruments are listed 
as approved, but only four are actively marketed today. They are described and illustrated. 


Inpust. Hyc. DIGEst. 


PRELIMINARY ELECTRON MICROSCOPE MEASUREMENTS OF PARTICLE SIZE IN BERYLLIA. 
C. S. Legs and S. R. Morcan, Report AERE-G/M-77, Atomic Energy Research Establish- 
ment, Harwell, Berks, England, March, 1951. 


The results of electron microscope studies of particle size of various types of BeO are 
reported. The effects of particle size distribution and specific surface on the maximum per- 


missible 3e 2 able in air are disc briefiy 
nissible amounts of Be allowable in air are discussed briefly. Nocumae Sc. Ane. 


Dust Controc: Tests oF Erricacy oF MAsK Fitters. A. Houserecuts and G. DEGUELDRE, 
Communication 103, Institut d’Hygiéne des Mines, Hasselt, Belgium, 1953. 


This paper describes and discusses previous methods of testing mask filters and describes 
tests recently evolved in Belgium. The tests employed in France and Germany are summarized 
and discussed. They are criticized on the grounds that not enough attention is paid to dependency 
of efficiency on particle size and that the measurements of resistance are not closely enough 
related to discomfort in breathing. The new Belgian tests have been designed to overcome 
these objections. They are intended to simulate conditions encountered in use and, in particular, 
the breathing cycle of men working at different levels of activity. Actual tests on a number of 
mask filters are reported in Communications 110 and 111. 


CONDENSED FROM Butt. Hye. [INpust. HycG. Dicest]. 


Ventilating, Air Conditioning, and Engineering Control 


Rote or CHIMNEY DEsIGN IN DisPERSION OF WastTE Gases. R. H. SHERLOCK and E, J. 
LesHER, Annual Meeting Paper 54-10, Air Pollution Control Association, Pittsburgh, May 
3-6, 1954. 


A method has been developed for the use of wind-tunnel testing of models by which the 
design of a station building and its stacks can be determined so that the downwash of the smoke 
plume toward the earth, due to aerodynamic effects, can be practically eliminated. Knowledge 
gained in the wind tunnel concerning the behavior of the plume close to the plant can be used 
as a Starting point for the computation of ground concentrations of gas. The results will be more 
reliable than those based on the usual assumption of a point source. 


FROM THE AUTHORS’ SUMMARY. 


: 
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DEVELOPMENT OF A SYSTEM FOR PREDICTING DISPERSION FROM Stacks. L. L. FALK, C. B. 
Cave, W. R. Cuacker, J. A. GREENE, and C. W. Tuorncate, Annual Meeting Paper 54- 

25, Air Pollution Control Association, Pittsburgh, May 3-6, 1954. 


[he dispersion of atmospheric contaminants from an elevated source was experimentally 


measured, using a direct tracer technique with fluorescent particles. Tests were made from an ele 
vated source of about 100 ft., and the downwind dosage pattern was rather completely sampled. 
Variations of downwind concentrations with time were also measured. The results and con- 
clusions can be summarized as follows: 

1. The dimensions of the ground-level dispersion pattern of stack effluents are related to 
simple measurements of wind speed and direction variations 

2. Standard wind recorders provide information that can be used to express completely the 
dispersion pattern. A simple and readily available tool is thus available for determining dispersion 
from stacks 


> 


3. Working charts based on these wind measurements were developed for rapid calculatiot 
of the dimensions and magnitude of the average ground-level concentrations. These calculated 
concentrations would in most instances be accurate to within a factor of 2 

4. The ratio of wind speed variability to mean wind speed was related to the vertical diffusion 
coefficient. 

5. The variability of wind direction was related to the horizontal diffusion coefficient 

6. The ratio of peak one-minute to average ground-level concentration is related to the wind 
variability. FRoM THE AUTHORS’ SUMMARY 


Dust SuPPRESION IN FounprigEs. W. B. Lawrie, Heat. & Vent. Engin. 28:: (July) 1954 


The best way of dealing with objectionable dust is to stop making it. Thus, in iron foundries 
certain fettling operations can be done wet, and a very small amount of water will ensure 
that molding sand is dust free. Research is needed to determine why sand adheres to castings and, 
if possible, to prevent it. Further, harmful silica flour as a parting powder should be prohibited 
and also the use of sand in shot blasting. Some dust clouds will escape, containing particles 
below 5 # in size which are particularly dangerous to breathe. Their presence may be detected, 
since they make the path of a powerful beam of light visible by scattering the light—the 
Tyndall beam—so that the effect can be photographed. 

General ventilation and local exhaust ventilation are used to control dust clouds; they should 
form complementary parts of one ventilating system. Much has yet to be worked out to determine 
the best construction of foundries; hot dusty air will rise to be rapidly cooled against roofs and 
fall back into the working areas; the effects of currents and cross currents have not been deter- 
mined, Quickly revolving grinding wheels set up dust-bearing currents, which may quite over- 
come the force of locally applied exhaust draughts. A pneumatic chisel has been devised, with 
local exhaust ventilation through a central duct. Other applications of dust control are explained 
and illustrated. The best form of filter for eliminating captured dust calls for research. This 
article rather points to the need for much more investigation than attempts to solve the difficult 


problem of suppressing dust in foundries. 


EFFECT OF OILING THE COTTON ON THE AIRBORNE CONTAMINATION IN CARD Rooms. D. G 
DRUMMOND, Mary Hamtin, J. K. DonoGuue, and F. Brownset, Brit. J. Indust. Med. 
11:151-155 (April) 1954. 


The air-borne dust and bacteria in cotton card rooms have been measured in a group of mills 
before and after the introduction of equipment for oiling the cotton at the precarding stages. 
The immediate effect of oiling was to reduce the counts of fine dust particles to 49%, and the 
counts of viable bacteria to 70%, of their initial levels. The total weight of air-borne solids 
estimated gravimetrically was reduced to 79% of their previous level. Measurements one year 
later showed an increase, especially in bacterial count. This deterioration was attributed partly 
to inadequate maintenance and partly to the changed crop year of the cotton. No significant 
difference was observed between the concentrations of air-borne contaminants on Monday and on 
any other weekday. 
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Books 


Compressed Air Illness: An Investigation During the Construction of the Tyne 
Tunnel, 1948-50. By W. D. M. Paton and D. N. Walder. Price, $1.25. Pp. 44, with 21 
illustrations (18 graphs). H. M. Stationery Office, British Information Services, 30 Rocke 
feller Plaza, New York 20, 1954 


\ comprehensive investigation of compressed air illness occurring during the construction 
of the Tyne Tunnel is reported. A total of 40,000 compressions to pressures between 18 and 42 
pounds per square inch gauge (p.s.i.g.) involving 376 men have been reviewed. 

The men were decompressed after work by first reducing the pressure to one-half of th 
absolute value (gauge pressure, +14.7) in two minutes and then more sl wwly reducing the 
remaining pressure to atmospheric at a rate varying from one to nine minutes per pound, depend 
ing on the working pressure and time ef exposut lhree hundred fifty cases of decompressiot 
sickness were observed in 187 persons. In three cases the central nervous system was seriously 
involved. Two of these workers sustained permanent spinal paralysis. The various parts of the 
body involved were as follows: legs (183 cases); arms (43 cases), and miscellaneous sites, such 
as the head, chest, and abdomen (14 cases he decompression sickness rate is expressed as 
the percentage of man-compressions following hich symptoms of sufficient severity to requir 


recompre ssion occurred 


When the decompression procedure was performed as prescribed, the sickness rate was 1.4% 
It rose to 2.9%, however, when the decompressi is accelerated. Prolonging the decompressiot 
did not produce an increase in the sickness rat though this should also have led to inadequate 


decompression, 


This fact leads the revie 


pre n procedure bordered on inad 
quacy. On the basis of calculations usually employed in formulating decompression procedures, 


it can be demonstrated that n two-stage” proc ure can be made « tirely a lequate. \ “three 


stage” procedure (halving tl pressure thi times at progressively slower rates) is more 


Che authors also determined that th mpression sickness rate varied inversely with the 
length of employment, diminishing from an initial level of about 20% to almost negligibk 
values after several months of employment. They believed this decline in decompression sickness 


to be due mainly to acclimatization but due also to the elimination of susceptibles by “natural 
selection.” Men who experienced one to tht ttacks of decompression sickness tended to leav 
work thereafter 

The rate of decompression sickness w is not influenced by variations in meteorol ical condi 
tions, working conditions, or working pressures, except that no complaints were encountered 
when the working pressures were less than 18 to 20 p.s.i.g 
Two new shorter methods of recompression treatment were compared with the usual method 
lerived from diving practice. The pressure at which relief from the symptoms was obtained 
during recompression was not related to the site, time of onset, or delay before recompression 
Most cases were recompressed to 3 lb. in excess of the working pressure for 10 to 20 minutes. 
The patient was then decompressed according to the decompression tables for exposure of moré¢ 
than four hours to the working pressure (usually for 90 to 100 minutes). If the first recom- 
pression did not relieve the symptoms, the patient was recompressed repeatedly in this same 
manner until either he was relieved or the attending physician felt that further recompression 
was of no avail. Seventy-five per cent of the cases were recompressed once, 17% twice, and 
4% three times. One case was recompressed nine times. The number of times it was necessary 
to recompress a patient varied directly with the latency of onset of the symptoms, but it was not 
related to the site, the delay before treatment started, or the age of the patient. 

When one compares the above technique with that employed in the United States Navy, 
it is difficult to share the authors’ enthusiasm for the shorter method. Since 1945 decompression 
sickness in the Navy has been treated according to a technique which embodies the following 
principles: (a) Patients whose symptoms are relieved at pressures of less than 30 p.s.i.g. are 
recompressed to 45 p.s.i.g. If the symptoms are relieved at pressures greater than 30 p.s.ig., 
the patient is recompressed to 75 p.s.i.g. (b) The patient is held at the applied pressure from 30 
minutes to two hours in order to insure absorption of the bubble nuclei. (c) All cases involving 
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the C.N.S. are recompressed to 75 p.s.i.g. (d) All serious cases are held at pressures from 25 to 
15 p.s.i.g. for periods varying from 12 to 24 hours. (e) Oxygen is administered at pressures of 
25 p.s.i.g. or less in order to promote the more rapid elimination of nitrogen. Less than 2% 


of the cases treated in this manner have suffered a recurrence of their symptoms, and in no case 
was it necessary to recompress the patient more than a second time. It is believed that a patient 
should not be decompressed from a recompression treatment until his symptoms are relieved, 
except in the most unusual circumstances. Study has also revealed that there is no correlation 
between the working pressure and the pressure at which symptoms are relieved. 

Paralysis and aseptic bone necrosis are serious sequelae of decompression sickness from both 
the humanitarian and the economic point of view. Since these conditions result from inadequate 
decompression and improper treatment, one can hardly accept the following views expressed by 
the authors: (1) A 2% decompression sickness rate is acceptable, and no improvement is 
required; (2) delay in treatment may be beneficial, because it permits some of the bubble to be 
absorbed by natural processes, and (3) the use of an abbreviated treatment procedure, which 
employs limited, multiple recompressions and fails to provide for oxygen inhalation, is justified. 


COMMANDER GERALD J. DUFFNER (MC), U.S.N., New London, Conn. 


Symposium on Fatigue. Edited by W. F. Floyd and A. T. Welford. Price, $4.00. Pp. 196, with 
32 photographs, 23 drawings of charts, graphs, and diagrams and 9 tables. H. K. Lewis 
& Company, Ltd., 136 Gower St., London WC 1. Distributed in U. S. A. by John de Graff, 
Inc., 64 W. 23d St., New York 10, 1953. 


This publication of the Ergonomics Research Society brings together a series of 20 papers 
on both the physiological and psychological aspects of fatigue. The complexity of the problem 
of fatigue and the lack of a precise definition for it are evident throughout the volume. Neverthe- 
less, the existence of physiological fatigue is indisputable. With heavy muscular work, for 
example, fatigue can be related to the amount of exertion in terms of calories expended by the 
human body. Christensen, in his physiological study of workers in an iron foundry, has added 
further criteria based on the measurements of oxygen consumption, pulse rate, body temperature, 
and metabolic rate. The precise nature of physiological fatigue, however, is still incompletely 
understood. 

The necessity for considering the psychological aspects of fatigue is emphasized by those tasks 
in which no heavy muscular effort is required but in which fatigue is still present. Sir Frederic 
Bartlett points out that the two factors usually associated with this type of fatigue are (1) 
diminishing output and (2) increasing expenditure. However, both of these criteria are fairly 
rough and are quite susceptible to variation under many different conditions. Instead, Bartlett 
advances the following criteria as more characteristic of psychological fatigue: (1) an 
increasing irregularity of the successive items of a task; (2) the failure of the operator to take 
full advantage of all available information to guide him in his task, and (3) subjective symptoms, 
such as pains and irritation. In this psychological approach to fatigue, the behavior of the 
organism as a whole is of primary importance. However, a more complete understanding of the 
nature of fatigue is limited by the lack of specific physiological knowledge on the functioning 
of the central nervous system. Fatigue, it is emphasized, is often difficult to distinguish from other 
phenomena producing similar effects, such as boredom. 

In general, this collection of papers by both European and American investigators represents 
an excellent presentation of pertinent data on this many-sided problem. The various topics are 
sufficiently diverse to give a good coverage of the current status of research into the meaning 
and causes of fatigue, both physiological and psychological. The results of these studies, many of 
which are original, should be of interest to all those concerned with the productivity of workers 
in industry, as well as to those engaged in research in the academic disciplines of physiology, 


ssychology, and anatomy. 
psychology, and ana ’ Ross A. McFARLAnpD, Boston. 
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PREVENTIVE AND SOCIAL ASPECTS OF SEASONAL 
INHALANT ALLERGY 


OREN C. DURHAM 
AND 


GEORGE H. BERRYMAN, M.D. 
NORTH CHICAGO, ILL. 


ECENT research on the personal and social problems of seasonal inhalant 
allergy is considered from the viewpoint of the practicing physician and 
public health worker. Recognition of sources of air contaminants, as well as the 
practical application of the principles of sanitation, quarantine, and immunization, 
are presented statistically and graphically. Concrete examples are cited. The 
authors attempt to answer such questions as How accurate are pollen counts? 
How do they help the doctor? How effective are pollen filters? Is a change of 
residence ever advisable for seasonal allergics? Is local ragweed control possible? 
Is it a community responsibility? \What agents are available for treatment to main- 


tain the effectiveness of the patient in family, social, and occupational spheres ? 


Chief botanist, Research Division, Abbott Laboratories (Mr. Durham). 
Clinical Assistant Professor of Medicine, University of Illinois (Dr. Berryman). 


Shown as a scientific exhibit of the Section on Preventive and Industrial Medicine and 
Public Health at the 103rd Annual Meeting of the American Medical Association, San Fran- 
cisco, June 21-25, 1954. 
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COMMUNITY CONTROL 


CONTROL of pollen source plants is possible and feasible for only a limited list of weed species 


and in selected areas. Forest and shade trees, as well as hay grasses, are desirable in spite of the 


active pollens they produce. Some crops, such as soybeans and small grains, cannot be kept free 


of weeds. Complete nation-wide ragweed control is not possible under present conditions and 


with present defenses. 


NATURAL BARRIERS AND DETERRENTS. 


The production and/or long-range dis- 


persal of pollens are hindered by oceans, by mountain ranges, by dense forests, and by unbroken 


grasslands. The common ragweeds do not thrive where there are less than 100 growing days per 


season or in areas where the annual rainfall is less than 20 inches. 


WEED DESTRUCTION. Cutting, spraying, 
and plowing under of hay fever weeds is always 
advisable and can greatly reduce pollen air pollu- 
tion in naturally favored areas. Cutting is more 
expensive and less effective than spraying. Plowing 
under of immature weeds is the ideal method in 
crop land. 

It is a mistake to promise definite relief from 
such measures in areas where the pollen count is 
normally high. 


LEGAL MEASURES. Weed laws as directed 
against ragweed have usually been ill-conceived and 
unenforceable, but legislation, if enforced, could be 
helpful in preventing the introduction and spread of 
weeds in naturally free areas. Examples: 1. A large 
community in the Pacific Northwest which was 
formerly ragweed free has in the last two decades 
become badly contaminated. 2. In three farm areas 
of western Oregon centers of infestation have been 
reported. 
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SYSTEMATIC TESTS oi atmospheric 
pollen pollution have been carried on during 
recent years in more than 600 cities, towns, 
and recreational areas in North America by 
members of the Pollen Survey Committee of 
the American Academy of Allergy and vari- 


ous public health institutions. 


Shading denotes ragweed-free or nearly free 


areas revealed by local atmospheric tests, 


usually checked by local field studies. 


AIR POLLUTION IS A PUBLIC HEALTH 
PROBLEM! 


Systematic, coordinated studies of the sources, 
the aerial dispersal, and the local incidence 
of air-borne allergens are of great importance 
in evaluating skin reactions 
in administering specific preventive therapy 
in discovering pollen-free areas 
in evaluating the effectiveness of com 
munity efforts at weed control and de- 


struction 


SEASONAL INHALANT ALLERGY IS 
PREVENTABLE! 


At the clinical level hay fever and seasonal 
asthma may be prevented 
by preseasonal hyposensitization 
therapy (immunization ) 
by removal of pollen and spores from 
indoor air (sanitation ) 
by proper relocation of the allergic 


individual . (isolation ) 


At the public health level 
by control and destruction of wind- 
pollinated weeds (sanitation ) 
by publicizing pollen-free 


areas (education ) 
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IN THE CLINIC 
Skin testing is an accepted laboratory pro- 
cedure in specific diagnosis of inhalant 
allergy. 
Specific preseasonal hyposensitization has for 
40 years been the basic clinical approach to 
the treatment of hay fever and seasonal 


asthma. 


The selection of tests and the interpretation 


of skin reactions rest squarely on our knowl- 


edge of the seasonal incidence of air-borne , 
allergens as determined by atmospheric tests. 
PREVENTION 
IN THE HOME AND THE HOSPITAL 
How Precipitron Works 
DIRTY PLATES CLEAN PLATES 
| a Clean aluminum collector plates are shown 
ne as th ppear after washing. In only 244 
“normal atmospheric 
= . ar, the same tes accumulated this much 
dirt ¢ 
With air filtration or precipitating units it is possible to remove all pollen and mold - 


allergens even from heavily polluted air. The degree of benefit to the hay fever and 
pollen asthma victim depends on the percentage of time the patient elects to 
remain in the clean air. Face masks and nasal filters are not efficient. 

To determine the efficiency of various types of air conditioners, it is necessary to 
use aerobiologic techniques. 
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RESULTS COUNT!...1n Superficial Fungous 


Infections especially DERMATOMYCOSIS PEDIS 


(Athlete's Foot) 


USE 
Desenex: 


. Ointment and powder of ZINCUNDECATE 
Solution of UNDECYLENIC ACID 


Pharmaceutical Division Cures average case in one to three weeks 


WALLACE & TIERNAN INCORPORATED, Belleville 9, N. J., U.S.A. 


SKIN 
Pamphlets about 


The Skin in Health and Disease. Psoriasis, The Threadbare Man- 
Harold N. Cole. 8 pages. 15 cents. tle. lester Hollander. 12 pages. 


“Hair-Brained” Notions. Lois 15 cents 


Mattox Miller. 12 pages. 15 cents. Fire Under the Skin. William W 
Acne. 2 articles. Robert P. Little; Bolton. 12 pages. 15 cents. 
cents 


Cosmetic Facts and Fancies. AMERICAN MEDICAL ASSOCIATION 
Austin Smith. 8 pages. 15 cents 535 N. Dearborn St. © Chicago 10 


MEAD HOME TREATMENT STIMULATOR 


A Generator of interrupted direct current designed for use by patients who require prolonged treat- 
ment of temporarily paralyzed muscles. 


Provides Treatment: WITHOUT LOSS OF WORK 
MEDICAL SUPERVI- TIME 
WITH SIMPLICITY AND 
(1) AT LOW COST TO PATIENT SAFETY OF OPERATION 


Stimulators also available on a rental basis 


ST. LOUIS INSTRUMENT ENGINEERING, INC. 
1507 S. COMPTON AVENUE ST. LOUIS 4, MO. 


For a Better Understanding of 
Nervous and Mental Diseases 


A. M. A. Archives of NEUROLOGY and number of brief digests from current 
PSYCHIATRY gives practical assistance medical literature which present signifi- 
keep well cant findings of eminent neurologists and 

informed about the rapid progress in psychiatrists throughout the world. Well 
these fields. It presents original articles, thl 

clinical notes, special articles, society us ssued mon 
transactions and book reviews and book about 2730 pages annually. Price, $12.00 
notices. Each issue includes a_ large a year. Canada, $12.50. Foreign, $13.50. 


AMERICAN MEDICAL ASSOCIATION 535 N. Dearborn St., Chicago 10 
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when resistance to other 


antibiotics develops... 


Chloromycetin 


Current reports'” describe the increasing incidence of resistance among many 
pathogenic strains of microorganisms to some of the antibiotics commonly in 
use. Because this phenomenon is often less marked following administration of 
CHLOROMYCETIN (chloramphenicol, Parke-Davis), this notably effective, broad 


spectrum antibiotic is frequently effective where other antibiotics fail. 


Coliform bacilli—100 strains 


up to 43% resistant to other antibiotics; 
2% resistant to CHLOROMYCETIN.! 


Staphylococcus aureus—500 strains 


up to 73% resistant to other antibiotics; 
2.4% resistant to CHLOROMYCETIN.2 


CHLOROMYCETIN is a potent therapeutic agent and, because certain blood dyscra- 
sias have been associated with its administration, it should not be used indiscriminately 
or for minor infections. Furthermore, as with certain other drugs, adequate blood 
studies should be made when the patient requires prolonged or intermittent therapy. 

(1) Kirby, W. M. M.; Waddington, W. S., & Doornink, G. M.: Antibiotics Annual, 1953-1954, New 


York, Medical Encyclopedia, Inc., 1953, p. 285. (2) Finland, M., & Haight, T. H.: Arch. Int. Med. 
91: 143, 1953. 
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